SECURITY  CLASSIFICATION  OF 


REPORT  t> 


[1.  REPORT  NUMBER 


Ai>-A<H25I7 


>  INSTRUCTIONS 
COMPLETING 
CATALOG  NUMBER 


4  title  f«n<fs ubtitim)  Final  Contract  Report: 
Engineering  and  Environmental  Study  of  DDT  Con¬ 
tamination  of  Huntsville  Spring  Branch,  Indian 
Creek  and  Adjacent  Lands  and  Waters,  Wheeler 
Reservoir,  Alabama 


3.  i  irt  ncPORT  a  PERIOD  COVERED 


Revised  pages 


6.  PERFORMING  ORG.  REPORT  NUMBER 


FORM 
I  JAN  73 


EDITION  OF  I  NOV  SS  IS  OBSOLETE 


84  06  26  127  RlTY  CLASSIFICATION  OF  THIS  PAGE  (Wft^n  Dmtm  Entmfd) 


SECURITY  CLASSIFICATION  OF  THIS  PAOEfWhan  Data  Bnltr&T 


approach  to  such’ corrective  action.  The  nature  and  extent  of  contamination 
have  been  defined,  and  engineering,  economic,  and  environmental  feasibility  of 
alternative  solutions  have  been  evaluated.  Study  included  extensive  field  and 
laboratory  work.  Data  were  gathered  on  fish,  sediment,  water,  macroinverte¬ 
brates,  plankton,  aquatic  plants,  mammals,  birds,  and  reptiles  in  the  area. 
Additionally,  efforts  were  made  to  secure  all  prior  existing  data. 

Analysis  of  data  provided  quantification  of  pollutant  transport  by  biological 
(food  chain)  and  physical  (mostly  hydrologic)  processes.  Data  collected 
during  the  current  study  have  been  compared  to  historical  data  to  determine 
extent  of  sediment  contamination  and  rate  of  movement  downstream.  Groundwater 
transport  has  been  evaluated. 

Principal  study  findings  include: 

1.  An  extensive  amount  of  DDTR  exists  in  reservoir  sediments. 

2.  DDTR  is  being  moved  slowly  downstream. 

3.  Fish,  particularly  channel  catfish,  are  contaminated  with  DDTR 
throughout  Wheeler  Reservoir. 

4.  Contamination  of  aquatic  organisms,  results  from  low  levels  of  DDTR 
that  now  exist  in  water  and/or  sediment . 

5.  Contamination  of  aquatic  organisms  also  appears  to  be  caused  by 
migration  of  contaminated  fish  to  relatively  uncontaminated  areas. 

Remedial  alternatives  for  mitigation  were  compared  to  the  Natural  Restoration 
Alternative,  which  is  to  allow  clean-up  by  natural  processes.  Alternatives 
are  based  on  various  means  of  isolating  DDTR  from  the  environment  and 
include:  (1)  dredging  or  removing  the  contaminated  sediments  and  placing  them 

in  a  secure  landfill,  (2)  covering  the  contaminated  sediments  in  place,  and/or 
(3)  bypassing  flow  around  the  contaminated  area.  For  the  six  final  alternatives 
details  regarding  engineering  and  economic  feasibilities  and  environmental  and 
regulatory  impacts  are  presented.  Time  required  for  remedial  results  is  also 
discussed . 
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TO  ALL  INTERESTED  PARTIES: 
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H 
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In  November  of  1980  we  sent  you  a  copy  of  the  Engineering  and 
Environmental  Study  of  DDT  Contamination  of  Huntsville  Spring  Branch, 
Indian  Creek,  and  Adjacent  Lands  and  Waters,  Wheeler  Reservoir,  Alabama, 
prepared  under  contract  by  Water  and  Air  Research,  Inc.  (W.A.R.)  for 
the  Mobile  District. 


In  a  detailed  review  of  the  report  data  in  preparation  for  testimony 
in  conjunction  with  a  legal  case,  W.A.R.  found  that  an  error  had  been 
made  in  the  calculation  for  the  total  number  of  tons  of  DDT  in  Hunts¬ 
ville  Spring  Branch  (FSB)  and  Indian  Creek  (IC)  .  According  to  Dr.  James 
H.  Sullivan,  Project  Manager  for  W.A.R.,  this  error  resulted  from  two 
causes:  (1)  a  misinterpretation  of  the  units  for  some  of  the  data 

received  from  the  Tennessee  Valley  Authority  and  (2)  some  wrong  data 
being  entered  into  the  computer  program  that  calculated  the  total  DDT 
present.  This  error  impacts  all  references  to  the  total  amount  of  DDT 
present  at  any  particular  location  in  the  HSB-IC  system.  However,  it 
has  no  impact  on  concentrations  of  DDT  in  sediments  or  on  any  of  the 
impacts  of  DDT  on  fish  or  other  species. 


The  main  difference  between  the  old  and  new  figures  is  the  total, 
837  tons  originally  vs.  475  tons  now.  Another  difference  is  that  the 
new  figures  show  that  the  majority  of  the  DDT  is  in  the  channel,  not 
the  overbank.  The  relative  amount  of  DDT  in  each  stream  reach  has 
changed  very  slightly  as  follows: 


Stream  Reach  Old  Data 

Upstream  of  Dodd  Rd .  in  HSB  95.9% 

Dodd  Rd.  to  IC  3.1% 

Indian  Creek  1.0% 


New  Data 
97.8% 
1.4% 
0.8% 


W.A.R.  has  considered  the  possible  impact  of  these  new  figures  on 
the  clean-up  alternatives  proposed  in  1980.  Their  conclusion  is  that 
there  is  no  change.  The  most  significant  facts  that  led  to  the 
selection  of  these  alternatives  were:  (1)  that  fish  were  highly  con¬ 
taminated  in  all  parts  of  the  HSB-IC  system  and  even  in  the  Tennessee 
River,  (2)  that  a  significant  amount  of  the  fish  contamination 
appeared  to  be  resulting  iii  situ  from  very  low  sediment  concentra¬ 
tions,  and  (3)  that  the  concentrations  of  DDT  in  sediment  in  all 
parts  of  the  HSB-IC  system  were  well  above  that  which  would  result  in 
fish  concentrations  above  5  ppm.  Hence,  the  alternatives  that  deal 
with  clean-up  of  all  contaminated  parts  of  HSB-IC  are  still  valid. 

This  is  not  meant  to  imply  that  other  alternatives  could  not  be 
developed  that  might  be  appropriate,  only  that  the  error  found  in  the 
original  work  does  not  impact  the  alternatives  developed  at  that  time. 
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In  response  to  our  request,  W.A.R.  prepared  pages  to  be  inserted 
in  the  report.  These  pages  incorporate  all  changes  resulting  from 
correction  of  the  sediment  DDT  calculation  error  as  well  as  the  errata 
sheets  dated  January  1981.  The  enclosed  revision  pages  should  replace 
all  pages  in  the  original  document  with  corresponding  page  numbers. 

We  regret  the  error;  however,  we  feel  that  it  does  not  alter  the 
basic  conclusions  of  the  19*'0  report.  If  you  have  any  questions  about 
these  revisions,  please  call  Dr.  Diane  Findley  at  205/694-3857  or 
FTS  537-3857. 


Sincerely , 


Willis  E.  Ruland 

Chief,  Environment  and  Resources 
Branch 


Enclosure 


Each  page  has  been  stamped  "REVISED  April  1984"  even  though  the  revisions  may 
exist  only  on  one  side. 


t XE CUT I VE  SUMMARY 


1.0  INTRODUCTION 

This  report  deals  with  DDTk  contamination  in  northeast  Alabama  in  the 
Tennessee  River  system  from  Mile  260  to  375  which  incluoes  Wilson, 
wheeler,  and  Guntersville  Reservoirs.  The  primary  area  of  interest  is 
the  Huntsville  spring  Branch  -  Indian  Creek  (HS&-1C)  tributary  system 
which  enters  the  Tennessee  River  (Tk)  at  Mile  321.  From  1947  to  1970  a 
privately  operated  DOT  plant  on  Reostone  Arsenal  discharged  waste 
containing  DOT  residues  (ODT  +  DuD  +  DOE),  commonly  referred  to  as  DUTk. 
a  major  impact  of  these  residues  has  been  the  contamination  of  certain 
fish  species  to  UuTR  levels  exceeding  the  5  ppm  limit  set  by  tne  Food  and 
Drug  Administration  (FDA)  for  edible  portions  or  fish. 

In  the  spring  of  1979  an  engineering  and  environmental  study  was 
initiated  by  the  Department  of  the  Army,  with  study  management  by  the 
U.S.  Army  Corps  of  Engineers,  to  establish  the  basis  for  determining 
whether  corrective  action  is  required,  and  if  so,  the  engineering 
approach  to  such  corrective  action.  This  contract  report  to  the  Corps 
defines  the  nature  and  extent  of  the  contamination  and  evaluates  the 
engineering,  economic,  and  environmental  feasibility  of  a  broad  range  of 
alternative  solutions.  The  study  included  extensive  field  and  laboratory 
work  performed  largely  by  the  Tennessee  Valley  Authority  (TVa).  Data 
were  gathered  on  fish,  sediment,  water,  macroinvertebrates,  plankton, 
aquatic  plants,  mammals,  birds,  and  reptiles  in  the  area.  Additionally, 
efforts  were  made  to  secure  all  prior  existing  data  relevant  to  this 
subject . 

One  area  specifically  excluded  from  this  study  was  human  health  effects. 
Ttiat  aspect  of  the  problem  is  being  investigated  by  the  Center  for 
Disease  Control  in  Atlanta. 

2.U  EXTENT  UF  THE  FKObLEM 

Historically,  wastes  from  the  DDT  manufacturing  plant  flowed  down  a  ditch 
to  HSB  at  about  Mile  5.4.  Records  exist  indicating  contamination  of 
sediments  in  HSB  to  levels  exceeding  10,UUU  ppm  as  early  as  19b3.  In 
197U  analysis  of  fish  from  the  area  showed  some  samples  from  both  Wilson 
and  Wheeler  Reservoirs  exceeding  the  5  ppm  criteria.  In  the  early 
l95U's,  bird  population  estimates  for  Wheeler  National  Wildlife  Refuge, 
which  includes  the  contaminated  area,  showed  declines  of  certain  species. 
However,  since  many  of  the  species  were  migratory,  it  cannot  be 
definitely  concluded  that  this  contamination  caused  the  decline. 

Iri  the  late  1970's  much  more  extensive  information  was  gathered  regaroing 
the  extent  of  contamination  in  sediments,  water,  plants,  and  animals.  It 
is  estimated  that  some  475  tons  of  UUTR  currently  exists  in  the  sediments 
of  HSb  and  Ic.  About  34  percent  of  the  DDTR  is  in  the  top  6  inches  of 
sediment.  On  an  areal  basis,  about  97.8  percent  of  the  ;DTk  is  in  HSb 
upstream  of  Dodd  Road  between  Miles  2.4  and  5.4.  Another  1.4  percent  is 
in  the  lower  2.4  miles  of  HSB  and  the  final  0.8  percent  is  in  the  lower  5 
miles  of  IC.  About  99.9  percent  of  the  DDTk  is  in  the  bottom  sediments 
with  tiie  remaining  amount  in  the  water,  plants,  and  animals. 
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OjTR  is  being  slowly  moved  downstream  through  the  Hbb-IC  system  and  out 
into  the  TR.  Very  low,  but  detectable  quantities  of  OuTR  exist  in  TR 
sediments  downstream  of  IC. 

Fish  surveys  made  in  1979  and  1S8U  inoicate  tnat  fish,  particularly 
channel  catfish,  in  the  IC  area  have  QuTri  concentrations  well  above  the 
5  ppm  level,  many  greater  than  SO  ppm.  It  appears  tnat  channel  catfish 
are  the  most  contaminated  species  ana  that  they  may  have  UuTk  levels 
above  b  ppm  in  essentially  all  parts  of  Wneeler  Reservoir.  Snallmouth 
buffalo  are  contaminated  to  a  lesser  degree  but  at  some  locations  had 
greater  than  5  ppm  OuTR.  Largemoutn  bass  generally  had  less  than  b  ppm 
DOT  although  some  individual  fish  hao  concentrations  greater  than  10  ppm. 
White  crappie,  white  bass,  and  blueqill  generally  appear  to  have  levels 
less  than  b  ppm  but  may  exceed  limits  in  the  IC  area. 

Two  factors  seem  to  ue  causing  high  levels  of  DuTk  in  catfish  ana  small- 
mouth  buffalo  in  the  Tk.  First,  the  level  of  UUTK  in  the  Tk  downstream 
of  1C,  although  low,  is  sufficient  to  cause  an  elevateo  base  level  of 
contamination.  In  channel  catfish  this  base  appears  to  be  near  the  b  ppm 
criteria,  becond,  migration  of  fish  from  the  more  contaminated  area  of 
IC  results  in  high  concentrations  at  other  sites  above  what  would  be 
produced  by  local  contamination. 

Elevated  levels  of  DUTK  have  been  found  in  birds  ana  other  animals  in  the 
area  and  particularly  in  those  living  near  HSb  and  IC. 

In  summary  it  appears  that: 

1)  an  extensive  amount  of  UUTk  is  in  the  sediments  of  hbb  and  1C 

2)  this  UUTK  is  being  slowly  moved  through  the  Hbts-IC  system  ana 
out  into  the  TK 

3)  fish,  particularly  channel  catfish,  are  highly  contaminated  with 
UUTK  in  IC  ana  throughout  Wheeler  Reservoir  they  have  UUTK  levels  above 
the  b  ppm  criteria 

4)  contamination  of  fish  in  the  TK  results  from  low  levels  of  UUTk 
that  now  exist  in  the  water  and/or  sediment  downstream  of  IC 

b)  contamination  of  fish  in  the  TK  also  appears  to  be  caused  by  the 
migration  of  contaminated  fish  to  areas  relatively  uncontaminated. 

3.0  ALTERNATIVES  FUR  MITIGATION  UF  THE  PROBLEM 

A  full  range  of  alternatives  for  mitigation  of  this  problem  was 
investigated.  All  can  be  compared  with  the  Natural  Restoration 
Alternative  which  is  to  allow  the  situation  to  be  cleaned  up  by  natural 
processes.  Unfortunately,  it  appears  that  this  alternative  has  little  or 
no  chance  of  significantly  improving  the  situation  in  any  reasonable  time 
period. 
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Drier  habitat  in  HS8  between  Patton  and  Dodd  Roads 
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production  rates  or  waste  generation.  The  plant  capacity  was 
approximately  25  million  pounds  per  year.  In  1954  Ulin  mathieson 
Chemical  Company  became  the  lessee  ana  continued  DOT  manufacture. 

Records  do  show  a  production  rate  of  2.25  million  pounds  per  month  tor 
all  or  some  part  of  1969.  Increasingly  stringent  effluent  standards 
(20  parts  per  trillion)  were  a  factor  leading  to  the  decision  to 
discontinue  (JOT  production  in  June,  1970. 

2.2  WASTE  TREAT, ••it NT  HISTORY 

No  records  were  found  indicating  any  type  of  wastewater  treatment  prior 
to  1965.  In  that  year  an  effluent  standard  of  10  ug/1  (parts  per 
Dillion)  was  established  by  federal  officials  and  a  settling  basin  or 
tank  was  installed.  It  was  reported  that  the  oasin  frequently  filled  to 
overflowing  with  solids.  In  19b7  additional  settling  capacity  was  added. 
A  new  discharge  ditch  was  constructed  parallel  to  the- old  ditch,  which 
was  treated  with  lime  and  *‘errous  sulfate  and  filled  in.  In  February 
1970  carbon  filtration  was  added.  In  1970  the  Federal  Water  quality 
Administration  lowered  the  effluent  limit  to  0.020  uo/l  DL)Tk.  Production 
was  terminated  by  June  1970.  Two  other  pesticides  were  later  manu¬ 
factured  at  trie  site;  trich  loroacetonitri  le  (TCAN)  for  less  than  a  month 
and  methoxychlor  for  about  six  months.  The  plant  was  demolished  in  early 
1972. 

2.3  RESTuRmTION  WORK.  ON  REDSTONE  ARSENAL 

Extensive  restoration  of  the  manufacturing  site  has  been  carried  out. 
Initially,  upstream  drainage  was  diverted  around  the  site.  Runoff  from 
the  site  was  routed  to  the  waste  drainage  ditch.  Two  retention  dams 
were  constructed  in  the  ditch,  a  water  fi 1 tration/carbon  adsorption  unit 
has  oeen  installed  to  treat  water  in  this  ditch.  Surface  soil  at  the  old 
plant  site  was  removed  and  buried  in  a  State  approved  landfill  located  on 
Redstone.  Excavation  and  landfilling  of  the  contaminated  sediments  in 
the  old  ditcn  has  been  accomplished  and  stabilization  of  otner  UuTR 
disposal  sites  and  installation  and  operation  of  a  subsurface  water 
monitoring  system  is  being  carried  out.  For  purposes  of  the  subject 
study,  it  was  assumed  that  no  further  contamination  of  HSb  would  result 
from  remaining  DDTR  on  Redstone  Arsenal. 

2.4  HISTuRICAL  ENVIRONMENTAL  CONTAMINATION 
2.4.1  Water  and  Sediment 

No  records  were  found  of  environmental  monitoring  prior  to  19b3.  At  that 
time  the  O.S.  Public  health  Service  sampled  water  and  seoiment  in 
Huntsville  Spring  Branch,  Indian  Creek,  and  the  Tennessee  River. 

Elevated  ui)Tk  concentrations  were  observed  particularly  in  Huntsville 
Spring  branch  and  Indian  Creer.  Comparison  of  sediment  DDTR  con¬ 
centrations  rerorted  through  the  years  shows  no  significant  variation 
with- time.  Indian  Creek  values  are  roughly  in  the  10-50  ug/g  (parts  per 
million)  range,  Huntsville  Spring  branch  from  Mile  0  to  2.4  in  the 
50-3, OOu  ug/g  range,  and  Huntsville  Spring  Branch  from  Mile  2. a  to  5.4  in 
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the  l00-2b,00u  ug/g  range.  The  wide  variation  in  the  latter  reach 
results  in  part  trail  the  unequal  distribution  of  UDTk  across  tne  wide 
floouplain  that  exists  there.  So  called  "hot  spots"  exist  in  the  channel 
and  overbarik  in  this  reach  which  may  or  may  not  have  been  sampled  in  any 
particular  survey.  Uverall,  the  existing  historical  data  do  not  show  any 
signiricant  change  in  sediment  concentrations  in  Indian  Creek  and 
Huntsville  Spring  Branch  from  1963  to  1979. 

2.4.2  Fish  and  wi  1  d  1  i *'e 

The  first  testing  for  ODTR  in  biota  appears  to  have  occurred  in  1904. 
Wildlife  collected  near  Huntsville  Spring  branch  included  crows,  swamp 
and  cottontail  rabbits,  opossum,  and  gray  fox.  Mil  species  except  the 
rabbits  hao  average  DOTk  concentrations  over  10  ppm  in  muscle  tissue. 

One  crow  hao  119  ppm  ul/Tk. 

As  early  as  19SS,  oird  population  estimates  for  Wheeler  Wildlife  Kefuge 
showed  a  decline  in  Double-crestea  Cormorant  populations.  Other  species, 
particularly  raptorial  birds,  showed  declines  in  the  19b0's.  UuTk  may 
nave  Been  a  factor  in  some  of  these  declines  but  there  is  not  sufficient 
data  to  establish  such  a  relationship,  Even  if  DuTk  were  a  factor, 
rationwioe  or  even  regionwide  agricultural  usage  may  have  been  more 
important  than  the  ODTR  in  HSB  ano  IC. 

The  first  reported  fish  survey  oata  are  from  197u.  At  that  time  white 
bass  and  channel  catfish  in  Wheeler  Reservoir  had  fillet  UUTK  concentra¬ 
tions  up  to  o.b  and  22.2  ppm  respectively.  In  1971,  a  statewide  survey 
reported  elevated  levels  of  DUTk  in  fish  from  the  Tennessee  River. 
Analyses  were  made  in  the  l97b-77  period  on  dressed  fisn  from  markets  in 
the  area.  Most  fish  hao  DLiTk  levels  oeiow  the  b.O  ppm  Fdm  limit  Dut  one 
catfish  had  lib  ppm.  In  1977,  three  surveys  were  maoe  in  the  area. 

Whole  boay  analyses  were  performed  ano  many  fish  from  the  HSb-IC  area  had 
concentrations  over  100  ppm.  Similar  results  on  other  whole  body 
analyses  were  obtained  on  fish  sampled  oetween  1977  and  1979.  In  1977 
ano  1978  analyses  performed  on  fillet  samples  showeo  hign  DdTk  concen¬ 
trations  with  several  samples  over  100  ppm.  Consistently,  the  higher 
concentrations  were  found  in  tne  HSB-IC  area  ano  the  Tk  witnin  lo  miles 
of  the  IC  confluence. 

3.0  PRESENT  SITumTIUN 

3.1  DISTRIBUTION  OF  UuTk 

3.1.1  Sediments 

Huntsville  Spring  Branch  and  Indian  Creek — The  mass  distribution  of  DuTh 
in  IC  ano  hSd  is  snown  in  Vaole  1.  About  97.8  percent  of  the  OuTK  is 
located  upstream  of  Dodd  Road  in  HSB.  wiother  1.4  percent  is  in  HSB 
between  Dodd  koad  and  IC.  About  n.y  percent  of  the  total  is  in  IC. 
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Table  1.  Distribution  of  DDTR  In  Sediments 
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Huntsville  Spring  rtranch 

6-12" 

0.54 

0.79 

0.36 

1.7 

12-24" 

0.12 

0.12 

0.07 

0.31 

<24  " 

0.00 

0.00 

0.00 

0.00 

TUTAL 

77Tb 

7781 

m 

b.61 

Indian  Creek 

U-6" 

U.54 

0.84 

0.60 

2.0 

6-12" 

0.16 

0.26 

0.27 

0.69 

12-24" 

0.17 

0.33 

0.33 

0.83 

>24" 

O.Ul 

0.01 

0.00 

U.02 

TUTaL 

TTaa 

T7tf 

T720 

134 

OVERALL  TUTAL 

318 

113 

44 

475 

Note:  All  results  have  been  rounded  to  no  more  than  three  significant 
figures. 


8 


REVISED  APRIL  19B4 


Mbout  34  percent  of  the  DDTR  is  contained  in  tne  top  six  inches  of 
sediment  and  about  67  percent  is  in  the  top  12  inches. 

The  DUTR  areal  distribution  in  pounds  per  acre  for  the  most  contaminated 
area  of  Hbb  is  shown  in  Figure  5.  The  most  contamination  exists  in  the 
channel  and  overbarik  upstream  of  Dodd  Road  ( HbBlvi  2.4). 

DDTR  concentrations  in  stream  bottom  and  overbank  samples  are  snown  in 
Table  2. 

Tennessee  kiver  (Excluding  Huntsville  Spring  Branch  and  Indian 
Creek) --Detect able  quantities  of  bbTk  were  found  in  al  1  (9  total )  surface 
sediment  samples  in  the  Tem.essee  River  from  Mile  300  in  Wheeler 
Reservoir  to  Mile  260  in  Wilson  Reservoir.  Hard  or  rock  bottom 
conditions  precluded  sediment  sampling  at  some  locations.  The  average 
concentration  actually  detected  was  0.08  ppm  with  a  range  of  0.05  to 
0.10  ppm.  It  isomers  not  detected  were  considered  at  stated  detection 
limits,  the  average  would  increase  to  0.18  ppm  with  a  range  of  0.16  to 
0.19  ppm. 

ho  bbTk  was  detected  in  four  samples  from  TRM  320.8  to  375. 

Detectable  concentrations  of  DuTR  were  found  in  three  of  seven 
tributaries  to  Wheeler  Reservoir.  Two,  Limestone  Creek  and  Spring  Creex, 
are  located  below  Indian  Creek  and  the  other.  Paint  Rock  River,  above. 

Total  estimated  ObTk  amounts  in  sediments,  excluding  HSb-IC,  is  as 
fol lows : 


Tons 


Tennessee  kiver  Mile  275-300 
Wilson  keservoir 
Other  Tk  Tributaries 


1.4  -  1.9 

0.4  -  0.9 

0.04  -  0.12 


Total 


1.8  -  2.9 


3.1.2  Water 

In  the  Tennessee  kiver  samples  taken  in  July-August  1979  were  below 
analytical  detection  limits.  In  December  1979  low  but  detectable 
(generally  <  lug/1)  quantities  were  found,  primarily  in  water  samples 
taken  near  the  bottom.  Sampling  during  storms  in  the  IC-HSB  system 
showed  DDTR  concentrations  up  to  17.8  ug/1,  most  of  which  was  associated 
with  the  suspended  solids.  Overall,  the  amount  of  DDTR  that  can  be 
expected  in  the  water  column  in  Wheeler  keservoir  at  any  one  time  is 
estimated  to  be  less  than  0.3  tons  to  not  over  1  ton. 

3.1.3  Biota 


tstimates  were  made  of  the 
macroinvertebrates,  birds. 


total  DDTh  contained  in  the  following  groups: 
fish  and  other  vertebrates.  The  area  included 
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Table  2.  Summary  of  Stream  Bottom  and  Overbank  Sediment  DDTR  Concen¬ 
trations  in  Indian  Creek,  Barren  Fork  Creek  and  Huntsville 
Spring  Branch,  August  1979. 


Location 

Depth 

Horizon 

No. 

Samples 

Sediment 

DDTR  concentration1  (ppm  as  DDT) 

Mean  Range 

I CM  0-5 

0-6" 

18 

17.8 

<1.01  -  30.8 

6-12" 

10 

8.88 

4.65  -  15.2 

12-24" 

10 

5.83 

<0.81  -  15.8 

>24" 

3 

0.61 

<0.16  -  1.51 

Overall 

8.75 

<0.16  -  30.6 

HSBM  0-2  4 

0-6" 

15 

97.8 

<2.26  -  403 

6-12" 

14 

9.99 

<0.13  -  42.1 

12-24" 

8 

3.30 

<0.37  -  9.77 

>24" 

2 

0.72 

<0.66  -  0.78 

Overall 

38.1 

<0.13  -  403 

HSBM  2. 4-5.4 

0-6" 

54 

1,360 

<0.86  -  14,700 

6-12" 

45 

2,160 

<0.09  -  30,200 

12-24" 

28 

299 

<0,19  -  2,730 

>24" 

3 

1,820 

<0.38  -  12,100 

Overall 

1,540 

<0.09  -  30,200 

HSBM  >5.4 

0-6" 

3 

0.63 

0.63 

6-24" 

3 

0.48 

0.48 

12-24" 

3 

0.30 

0.30 

Overal 1 

0.47 

0.30  -  0.63 

2 

Floodplain 

0-6" 

11 

0.95 

<0.13  -  2,420 

BFC 

Overall 

<0.94 

<0.94 

NOTES: 

*  All  less  than  values  assumed  equal  to  svated  value. 

o  • 

Mean  excludes  station  HSB  FP  1,  floodplain  statir->  near  mouth  of 
"Old  Waste  Ditch",  and  includes  "Floodplain"  stations  in  Indian 
Creek. 
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fur  fish  and  macroinvertebrates  was  Wneeler  Reservoir.  For  birds  ana 
other  vertebrates,  Wheeler  National  Wildlife  Kefuge  was  considered. 
Because  precise  data  are  not  available  for  eitner  total  populations  or 
average  OUTK  concentrations,  these  data  should  be  considered  only  as  best 
estimates.  The  purpose  of  this  data  is  to  show  tne  total  amount  of  DDTR 
in  biota  for  comparison  with  amounts  in  otner  substrates.  Tne  biological 
significance  of  DLtTR  in  biota  is  discussed  in  otner  sections  of  this 
report. 


Organism 


_ Total  Jink 

Pounos 


Tons 


I'lacroi  nvertebrates 

Fish 

Biros 

Other  Vertebrates 


14 

34  to  34u 
2 
b 


0.007 

0.017  to  0.17 
0.001 
U.0U3 


Total 


56  to  352  0.03  to  0.18 


3.1.4  uverall  uistriDution  of  OOTk 


overall,  the  UuTk  is  contained  predominately  in  sediments  as  snown 
below. 


Substrate  Location 


Tons  ujTk 


Sediments 

Sediments 

Water 

biota 


HSB-IC 

Wilson  and  Wheeler 
excluding  HSB-IC 


rotal 

3.2  CURRENT  CONTAMINATION  LEVELS 


475 

1.8  -  2.8 

<0.3  -  1. 
0.03  -  0.18 

477  -  479 


%  of  Total 
99.4 

0.4  -  U. 6 


<0.06  -  0.2 

<0.006  -  0.04 

100 


3.2.1  PI ankton 

No  accurate  analysis  of  OuTR  in  plankton  could  be  rnaoe  as  it  was  not 
possible  to  separate  the  plankton  from  inorganic  suspended  solids  wnich 
also  contained  nigh  concentrations  of  ODTk. 

3.2.2  Macroinvertebrates 

A  strong  relationship  between  UUTK  concentration  in  macroinvertebrates 
and  location  relative  to  contaminated  sediments  is  evident.  In  the 
Tennessee  River  rnacroinvertebrate  Ul/TR  concentration  ranged  from 
O.U2  to  0.50,  in  Indian  Creek  from  24  to  355,  ana  in  Fiuntsville  Spring 
branch  from  2.5  to  2,710  ppm. 
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Table  4.  Summary  of  DDTR  Results  of  July-October  1979  Fish  Survey 


Locat ion 

Channel 

Catfish 

Smal Imouth 
Buffalo 

Largemouth 

Bass 

bluegi 1 1 

CLM 

2 

56(3.3-139) 

0.15 

0.352 

0.25 

fckfo 

5 

1.2(0. 4-2. 3) 

1.35 

0.05 

0.05 

tRH 

10 

0.55 

1.1 

0.05 

0.05 

CRM 

15 

0.4 

0.25 

0.05 

0.05 

FCM 

b 

3.75(0.15-19.1) 

0.25 

0.15 

0.2 

FRM 

1 

0.5(0. 1-2.6) 

— 

0.05 

0.05 

I  CM 

2 

186(15.5-627) 

16.2(2.2-44) 

1.42 

4.2(2. 1-6.6) 

ICM 

3 

4.3 

8.4(0.25-1.1) 

0.15^ 

0.15 

PRRM  i 

0.2(0. 2-2. 6) 

0.4 

0.05 

0.05 

SCM 

1 

1.95 

1.1 

O.Ub 

0.05 

TRM 

260 

0.6 

— 

0.1 

0.05 

TRM 

26u 

— 

— 

0.05 

0.1 

TkM 

270 

1.3 

1.6 

0.15, 

0.2 

trn 

27b 

1.8(1.2-10.1) 

3.9 

0.05, 

0.15 

TKM 

280 

0.7 

2.8 

0.05^ 

0.1 

TKM 

285 

— 

0.7 

0.25 

0.05 

TKM 

290 

2.0(0.45-2.2) 

5.1(0.25-4.5) 

0.15 

0.05 

TKM 

295 

1.9 

2.1 

0.10 

0.05, 

TkM 

300 

12.511.4-46.3) 

0.9 

0.4 

0.05. 

TKM 

30b 

12.8(1.3-21.0) 

0.3 

0.15, 

0.052 

TKM 

310 

.  1.2 

3.2 

,0.1b2 

0.2 

TkM 

3  lb 

49. 1(3.0-40.0) 

2.75 

9. 2*(0. 5-3. I)1 

0.25 

TKM 

32U 

9. b(0. 8-22.0) 

1.2 

2.8 

0.7 

TKM 

32b 

0.3 

1.3 

6.0 

0.15 

TRM 

330 

0.35 

0.9 

2. 3(0. 55-lb. 1) 

0.1 

TKM 

33b 

0.35 

0.6 

7.3(1.9-11.9) 

0.05 

TKM 

340 

1.2 

0.7 

0.dJ 

0.1 

TKM 

345 

1.2(0. 8-3. 7) 

0.5 

1.5 

0.05 

TKM 

350 

— 

— 

0.25 

0.05 

TKM 

375 

0.15 

0.5 

0.05 

0.05 

TKM 

400 

— 

0.6 

0.05 

0.05 

Notes:  First  number  is  DDTR  concentration  in  a  six  fish  composite.  Concentra¬ 
tion  ir.  ug/g. 

Numbers  in  parenthesis  are  range  of  results  from  individual  fisn 
analyses . 

Fillet  samples  for  all  species  shown. 

TkM  2b0-270  in  Wilson  Reservoir. 

TkM  350-400  in  Guntersville  Reservoir, 
all  other  sites  in  Wheeler  Reservoir. 

,Only  two  individuals  analyzed. 

Results  may  ue  low  -  run  on  12  December.  See  Quality  Assurance  Document. 

\pA  got  9.4  for  this  sample. 

4tRA  got  2b. 4  for  this  sample. 
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Table  b.  Summary  of  DuTk  kesults  of  June-July  1980  Msh  Survey 


Compos i te 

Individual  Kisn  Samples 

Location 

Species 

Sample 

Average 

karige 

TKM  27b 

CC 

9.3 

11 

4.5-25 

TkM  280 

Co 

8.b 

8.5 

5.5-13 

TKM  28b 

CC 

lb 

9.5 

2.8-19 

TKi'i  290 

CL 

lb 

13 

3.5-22 

TKM  29b 

CC 

lb 

14 

4.7-31 

TkM  300 

LC 

9.0 

11 

3.0-18 

TKM  30b 

CC 

10 

14 

9.7-22 

TkM  310 

CL 

9.2 

9.2 

3.8-17 

TkM  31b 

CC 

5.4 

7.b 

3.3-13 

TkM  320 

CC 

120 

120 

13-3bO 

TkM  32b 

CC 

100 

190 

0.74-1100 

TkM  330 

CC 

34 

32 

2-140 

TkM  340 

CC 

25 

33 

1.5-180 

FCM  b 

CC 

50 

45 

10-150 

LCM  3 

CC 

14 

13 

2-28 

SOM  1 

CC 

5.8 

5.0 

2.6-9. 1 

Tkt-1  280 

SMB 

6.4 

3.9 

2. 3-6.8 

TkM  290 

SMB 

12 

10 

3.4-21 

TKM  300 

SMB 

6 . 3 

5.0 

1.3-10 

TkM  310 

SMB 

4.3 

4.0 

1.4-6. i 

TKM  320 

SMd 

2b 

24 

0.43-48 

TkM  3 JU<h340 

SMB 

0.89 

0.9b 

0.25-2.5 

TKM  28b 

LMB 

0.38 

0.3b 

0. 11-0.80 

TkM  34b 

LMB 

2.1 

2.4 

0.35-7.4 

Concentrations 

in  ug/g 

CO=Channel  Catfisn,  SMb= 

Smallmouth  Buffalo,  LMB=Laryemouth  bass. 

Six  individual 

fish  were 

taken  at  each 

sampling  location 

.  All  analyses 

were  in  fillet 

samples . 
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bmallmouth  buffalo  appear  to  be  contaminated,  particularly  at  and 
downstream  of  It.  Largemouth  bass  have  lesser  overall  contamination  but 
some  individual  fish  had  relatively  hi yn  UOTR  levels. 

Method  of  Con t ami  nation --The  source  of  contaminated  fish  in  the  Tennessee 
River  is  of  signi f icant  concern.  Several  possibilities  exist.  The  river 
could  contain  sufficient  uDtk  residues  from  IC-HSB  or  from  other  sources 
to  contaminate  fish.  The  contamination  could  result  front  fish  Decoming 
contaminated  in  It-hbb  and  migrating  out  into  the  river. 

Sediment  analyses  clearly  show  the  IC-HSB  system  as  being  a  major  source 
of  uuTk.  Further,  it  nas  been  shown  that  at  least  some  OUTR  is  being 
transported  out  o'  the  IL'-hSB  system  to  the  Tk.  sediment  and  water 
analyses  for  the  Tk  and  tributaries  indicate  no  other  significant  source 
of  DUTk. 

Except  for  the  unexplained  high  levels  in  channel  catfisn  at  Flint  Creek 
Mile  s,  the  pattern  of  contamination  for  individual  fish  in  the  June-July 
1980  survey  also  suggests  hSb-lL  as  the  primary  source  of  UdTk. 

Downstream  of  IC  more  than  80  percent  of  the  catfish  hao  UDTk  levels 
above  S  ppm.  it  seems  likely  that  such  a  consistent  pattern  of 
contamination  would  result  from  in  situ  conditions  rather  than  migration, 
above  IC  individual  fish  concentrations  were  more  variable  and  suggested 
migration  as  a  likely  source  of  upstream  contamination. 

3.8.4  Birds 

Current  data  for  UbTk  in  Green  Herons  and  Wood  Ducks  from  TkM  271  to  <+02 
are  resorted  in  this  study.  Biros  from  the  IC-HSB  area  had  almost  an 
order  of  magnitude  higher  DDTk  concentration  than  birds  from  other  parts 
of  the  study  area,  both  Crows  and  Mallard  ducks  collected  in  February 
1979  had  geometric  mean  DDTk  concentrations  of  4.0  ppm  in  muscle  tissue. 
Mallard  wing  analyses  for  the  1978-79  hunting  season  showed  order  of 
magnitude  higner  Udtk  levels  for  b’’rcs  from  Limestone  and  Madison  Coun¬ 
ties  as  compared  to  other  Alabama  counties  surveyeo.  The  Arsenal  is  in 
Madison  County  and  Limestone  is  the  next  county  west. 

3.2.5  Mammals 

DUTk  levels  in  shrews  were  52  ppm  in  HSb  and  no  higher  than  7.7  ppm  in 
five  other  areas.  Muskrats  from  HSB  had  0.2b  ppm  UDTk  and  less  than  half 
that  in  five  other  areas.  Cottontail  and  swamp  rabDits  from  tne  Arsenal 
contained  mean  concentrations  of  0.27  and  0.25  ppm  UbTk. 

3.2.b  Reptiles 

Snapping  turtles  and  water  snakes  from  HSb  had  UbTk  concentrations  of 
0.45  and  1.8  ppm  respectively.  These  were  the  highest  values  reported  in 
samples  from  this  area. 
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3.2.7  Vascular  Plants 


Buttonbusrr  samples  from  HSB  had  a  DpTk  concentration  of  C.065  ppm 
compareo  to  O.OG5  ppm  at  TkM  35y  upstream.  Uuckweeo  rrom  the  most 
contaminated  stretch  of  HSB  had  concentrations  as  nigh  as  5.6  ppm. 
Hibiscus  was  round  to  contain  0.786  ppm  GuTR  in  HSB  compared  to  0.004  ppm 
at  TkM  jb9. 

a. 3  ENVIROHHKNTAl  TRANSPORT  OF  OOTR 

Of  particular  concern  in  evaluating  the  current  situation  and  predicting 
future  conditions  is  tne  stability  of  the  POTR  now  in  the  system.  Is  the 
contamination  spreading  and  if  so,  how?  Or  is  the  DOTR  oegrading  and/or 
becoming  isolated  from  the  rest  of  the  environment?  Two  means  of 
transport  were  considered,  physical  and  biological. 

3.3.1  Physical  Transport  of  DPTk 

Because  tne  vast  majority  of  DuTR  is  founo  in  the  seoiments,  processes 
which  would  tend  to  move  sediments  were  of  particular  interest.  Thus 
sediment  transport,  particularly  during  high  flow  storm  events,  was 
expected  to  be  important.  Sampling  was  carried  out  during  a  number  of 
storm  events  at  four  locations  in  the  nS6-IC  syscem  to  evaluate  L/DTk 
transport,  measurements,  including  rainfall,  stage,  oiscnarge,  suspended 
solids,  volatile  suspended  solids  as  well  as  suspended  i .  e . ,  passing  a 
buu  sieve  and  retained  on  a  mu  glass  fiber  filter)  ana  dissolved/ 
suspendec  (i.e,  passing  a  i-lu  glass  fiDer  filter)  uDTk  concentrations, 
were  made  a  number  of  times  during  eacn  storm  runoff  event.  Usable  uata 
were  obtained  from  three  storm  events. 

Iri  order  to  estimate  DOTH  transport  rates,  multiple  regression  models 
were  developed  relating  suspended  DuTk  transport  rates  to  sampling 
locations,  discharge,  type  of  runoff  event  (i.e.,  headwater  or  tailwater) 
and  the  transport  rate  of  the  corresponding  suspended  solids  leading  rate 
(i.e.,  <63u  and  >iu)  and  relating  oissol ved/suspended  DDTk  transport 
rates  to  sampling  locations,  discharge  and  the  volatile  suspended  solids 
loading  rate  (i.e.,  <63u  and  >lu).  Seasonal  and  annual  flow  duration 
relationships  were  developed  at  each  sampling  location,  the  seasons 
winter  ( November-Apri 1 )  and  summer  (May-October )  being  oefineo  with 
respect  to  Wheeler  Reservoir  operational  procedures.  Suspended  and 
volatile  suspendeo  solids  loading  rates  were  related  to  sampling  location 
and  discharge  utilizing  multiple  regression  techniques.  The  frequency 
with  which  tailwater  runoff  events  occurreo  ir.  the  lower  reaches  of 
HSB-IC  were  estimated  from  an  examination  of  tne  regional  topography  and 
seasonal  stage  duration  relationships  deve.opea  for  the  Tennessee  River 
at  Whitesburg,  Alabama.  The  combination  of  these  data  yielded  estimates 
of  the  seasonal  and  annual  UUTR  transport  rates  within  ana  out  of  the 
U.-H5B  system.  Predicted  annual  UoTk  transport  rates  and  95  percent 
contioerice  limits  are  as  follows: 
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DuTk  Loading 

Location  (tons/yr  as  DDT) 

Upstream  of  Old  L)DT  Waste  Ditch: 
HSbM  5.9  0.01 


95%  Confidence  Limits 
(tons/yr  as  DOT) 


0.006  to  0.05 


Uownstream  of  Old  OUT  Waste  Ditch: 


HSBM  2.4  U.b2 
I CM  4.b  0.99 
I  CM  0.9  0.64 


0.25  to  1.6 
0.44  to  2.2 
0.31  to  1.3 


n s  those  figures  indicate,  UuTk  is  being  scoured  upstream  of  Dodd  Koao 
and  is  being  transported  downstream  to  the  Tennessee  kiver.  Over  two 
thirds  of  the  UUTK  transport  out  of  the  IC-HSb  system  occurs  during  the 
winter  months  (hov-April).  The  DOTH  loaa  to  the  Tennessee  kiver  is  about 
equally  dividea  between  the  suspended  fraction,  associated  with  silt  and 
medium  and  coarse  clay  sized  materials,  and  the  dissol ved/suspendea 
fraction,  either  dissolved  or  associated  with  fine  clays  and  colloidal 
material.  It  should  be  noted,  that  at  the  rate  at  which  the  UUTR 
contamination  in  the  IC-hSb  system  is  being  transported  to  the  Tennessee 
kiver  by  fluvial  transport  processes,  i.e.,  0.U7  to  U.27  percent  per 
year,  it  will  take  centuries  to  flush  the  system. 


3.3.2  Biological  Transport  of  UDTK 

Compared  to  sediment  amounts,  the  very  low  total  amounts  of  DuTk  in  the 
biota  make  biological  transport  an  unimportant  factor  in  the  overall 
dispersion  of  DUTk.  however,  food  chain  links  can  be  an  important  mode 
of  contamination  for  biota. 


4.U  ALTERNATIVES  FUR  MITIbATIUN  OF  OUT  CONTAMINATION  IN  HUNTSVILLE 

SkklNb  bkANCh  and  Indian  EEEEjjT 

4.1  INTRODUCTION 


Six  alternatives  are  presented  for  mitigation  of  DUTk  contamination  in 
HSB  and  IC.  They  are: 


a) 

b) 
C) 
0) 

t) 

F) 


Natural  Restoration, 
Dredging  and  Disposal, 
Out-of-basin  Diversion 
Out-of-basin  Diversion 
Sediments, 

Within-Basin  Diversion 
and 

Within-basin  Diversion 
Sediments. 


and  kemova!  of  Contaminated  Sediments, 
ano  Containment  of  Contaminatea 

and  Removal'  of  Contaminated  Sediments, 

and  Containment  of  Contaminated 


♦ 

A  number  of  other  alternatives,  including  in-place  stabilization  or 
detoxification  and  impoundment  structures,  were  considered  but  proved  not 
to  be  feasible. 


iy 


REVISED  APRIL  1984 


These  alternatives  ao  not  deal  with  ODTK  contamination  in  the  TK. 
Concentrations  or  UUTK  in  the  TR  sediments  are  approximately  two  orders 
or  magnitude  oelow  those  in  Ic,  being  on  the  order  of  non-detectable  to 
0.2  ppm  compared  to  typical  concentrations  of  10  to  30  ppm  in  1C 
sediments. 

because  of  these  low  concentrations  and  the  large  area  over  which  low- 
level  contamination  is  dispersed  in  the  Tk,  mitigation  alternatives  there 
appear  to  be  economically  infeasible.  The  relatively  high  (10  to  30  ppm) 
concentrations  of  UuTU  in  IC  channel  sediments  warrant  consideration  of 
mitigation  alternatives  in  IC  upstream  to  the  H3B  confluence.  It  is 
apparent  that  this  level  oi  contamination  is  a  major  source  of  UDTR  in 
fish  inhabiting  1C  ano  the  TK.  Uue  to  the  flows  encountered  in  II  and 
the  int'easioi  1  i  ty  of  containment  alternatives  tnere,  the  only  practical 
means  of  dealing  with  this  contamination  is  by  dredging  the  sediments. 
With  the  exception  of  the  natural  restoration  alternative,  all 
alternatives  presented  include  the  dreoging  of  IC  in  addition  to 
mitigating  contamination  in  HSB. 

Presentation  of  the  alternatives  will  begin  with  a  discussior  of  relevant 
properties  of  DuT  ano  physical  characteristics  of  the  study  area.  These 
considerations  are  of  paramount  importance  in  assessing  the  effectiveness 
and  environmental  acceptaoi 1 i ty  of  the  alternatives. 

Alternatives  b  throuyf  F  are  centered  around  one  or  more  of  four  major 
physical  actions;  drjdging  and  disposal,  an  out-of-basin  diversion  of 
HSb,  a  within-basin  diversion  of  HSB,  and  in-place  containment  of  con¬ 
taminated  sediments.  To  avoid  redundancy  in  discussing  the  alternatives, 
these  four  major  actions  will  oe  discussed  first  on  an  individual  basis, 
along  with  their  respective  impacts.  Each  complete  alternative  will  be 
discussed  in  a  later  section  and  the  major  physical  actions  associated 
with  it  will  be  referenced  to  the  earlier  discussions.  Separate  sections 
appear  for  areawioe  environmental  monitoring  and  legislation, 
regulations,  ano  permitting  associated  with  the  alternatives.  A  summary 
comparison  of  alternatives  is  presented  in  the  final  section. 

4.2  CHARACTERISTICS  OF  OUT-SEDIMENT  ASSOCIATION 

4.2.1  Introduction 

The  approach  taken  in  this  study  is  to  design  a  technically  feasible  and 
environmentally  sound  course  of  action  with  respect  to  alternatives  for 
removal,  containment,  and  disposal  of  DUTK-contaminated  sediments.  The 
effectiveness  of  each  alternative  is  dependent  on  the  properties  of  UDTk 
and  the  sediments  with  which  it  is  associated.  The  purpose  of  tnis 
section  is  to  summarize  those  properties  which  form  the  basis  of  the 
removal,  containment,  and  disposal  alternatives  presented. 

4.2.2  OUT  Nobility  in  Sediments 

All  OuTk  isomers  are  extremely  hydrophobic,  their  solubility  in  water 
being  on  the  order  of  1.2  ppb.  Numerous  researchers  have  reported  the 
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Table  6.  Estimated  DOTH  Contained  in  designated  Hydrologic  Areas  of  Huntsville  Spring  branch  and  Indian  Creek 
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Table  7.  Areal  Dredging  Plans  for  Dredging  Huntsville  Spring  branch  and  Indian  Creek  Channel  Sediments 
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FIGURE  6 


Areal  Plan  for  Hydraulic  Dredging  in  Huntsville  Spring  Branch 
and  Indian  Creek 


SOURCE  WATER  ANO  AIR  RESEARCH,  INC,,  1880 


REDSTONE 
ARSENAL 
3CUNDAR V 


SITE  OF 
FORMER  DDT# 
PLANT  ( 


[  TEMPORARY 
DREDGED 
MATFRIAL 
DISPOSAL  AREA 


REDSTONE  ROAD 


'  EXISTING 
-  FLOOD 
CONTROL 
,  LEVEE 


I  16  IN  Cl 
WATER  MAIN 


BUXTON  ROAD 


LEGEND 


ACCESS  ROADS 


OVERBANK  AREA 
CONSIDERED  FOR 
DREDGING 


TENNESSEE  RIVER 


CRITICAL 
OVERBANK 
AREA  (INSET) 


U.S.  ARMY  CORPS  OF  ENGINEERS,  MOBILE  DISTRICT 
Engineering  3nd  Environmental  Study  of  DDT  Con.artvnation  of  Huntsville  Spring  Branch 
Indian  Creek,  and  A  Jjacent  Lands  and  Water,  Wheeler  Reservoir,  Alabama 


REVISED  APRIL  19*4 


are  dewatered.  Factors  favoring  the  environmental  acceptability  of  this 
disposal  technique  are  summarized  In  Section  4. 2.  Another  option 
considered  is  to  dispose  of  the  dewatered  material  in  an  abandoned  mine, 
prepared  in  such  a  manner  as  to  effectively  isolate  the  contaminated 
sediments . 

4 . 3 . 2  Temporary  ureoged  Material  Disposal  Area  (Tl)MUA) 

Introauction--To  implement  a  dredging  alternative  it  will  De  necessary  to 
site  a  temporary  dredgeo  material  disposal  area  within  reasonable  pumping 
distance  from  the  areas  to  be  dredged.  The  disposal  area  must  be 
carefully  designed  to  assure  containment  of  the  contaminated  sediments 
and  to  provide  for  adequate  treatment  of  the  overflow  water.  The 
location  of  tne  preliminary  selected  TOMDa  is  indicated  in  Figure  6. 

Keturn  Water  Treatment  System--Treatment  of  the  return  water  will  be 
necessary  before  it  is  discharged  to  HSB.  The  proposed  treatment  system 
is  designed  for  complete  solids  removal  with  carDon  adsorption  to  remove 
soluDle  PbTK.  Disposal  areas  sized  for  Dredging  Plans  I  ano  II  will 
require  2  Mbl)  capacity  and  that  sized  for  uredging  Plan  III  will  require 
3  hal) . 


Dewatering  Dredged  Material --Uewatering  of  the  dredged  material  will  be 
neces'sary  oefore  an  ultimate  disposal  option  can  be  carried  out,  be  it 
on-site  application  of  a  stable  impermeable  cover,  or  transportation  of 
tne  material  to  off-site  mine  disposal. 

A  series  of  studies  conducted  by  the  U.S.  Army  Engineer  waterways 
Experiment  Station  under  the  Dredged  Material  Research  Program  concluded 
ttiat  natural  evaporative  drying  witn  progressive  trenching  is  the  nost 
efficient  and  cost-effective  method  of  dewatering  fine-grained  jredgeu 
material.  Utner  methods  investigated  were  the  use  of  underdrains, 
horizontal  or  vertical  sand  drains,  mechanical  agitation,  electro¬ 
osmosis,  and  vacuum  well  pointing.  While  some  of  thes<  methods  produce 
higher  rates  of  dewatering,  they  incur  high  capital  and  operating  costs 
and  are  not  cost-effective  unless  constraints,  such  as  time  available, 
preclude  natural  dewatering. 

4.3.3.  Dredging  HSB  and  IC  Sediments 

Uverview —  Channel  dredging  will  proceed  in  the  following  sequence: 

1)  construct  necessary  access  roads  along  HSB, 

2)  clear  trees  and  other  debris  from  the  channel  and  bank  edges  with 
a  crawler-mounted  crane  operating  from  the  access  road  and  a 
small  barge-mounted  crane  operating  in  areas  inaccessible  from 
the  road, 

3)  dispose  of  the  cleared  debris  in  a  landfill,  and 
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4)  hydraulically  aredge  the  channel  sediments  and  transport  material 
via  pipeline  to  the  temporary  disposal  area. 

For  removing  overOank  material  in  keach  h  of  HbB,  the  following  approach 
will  Pe  usea: 

1)  clear  vegetation  from  the  overoarik, 

2)  grub  all  root  systems, 

3)  remove  contaminated  sediment  with  a  dragline, 

4)  construct  haul  roads  as  necessary  as  operation  progresses  into 
overbank, 

5)  dispose  of  contaminated  tree  material  in  landfill,  and 

6)  dispose  of  contaminated  sediment  by  landfilling  in  the  TDMLIa,  or 
by  burial  in  an  off-site  mine. 

Channel  Ureaginq--M  conventional  basket  cutterheaa  dredge  such  as  the 
l4-incn  tflicott  77(J  could  be  employed  to  dredge  HSB  ana  1C  channel 
sediments.  Dredging  will  commence  at  H5b  Mile  5.6  as  soon  as  sufficient 
channel  is  cleared  and  proceed  downstream,  following  the  snagging 
operation. 

Due  to  the  long  discharge  distance  to  the  TUMUA  (12.5  miles  from  IC 
Mile  U.U)  a  total  of  11  booster  pumps  will  be  required  in  the  discnarge 
line.  Use  of  electric  boosters  is  recommended,  as  they  are  much  more 
easily  adapted  to  an  integrated  central  control  system  to  maintain  steady 
flow  in  tne  discharge  line.  A  temporary  power  line  carrying  primary 
voltage  (43  kv)  would  be  required  along  the  access  road  to  provide  power 
for  tne  Doosters.  spacing  power  poles  at  175  foot  intervals  and 
installing  conventional  street  lights  on  each  would  provide  adequate 
lighting  along  the  access  road  for  evening  shift  went  and  pipeline 
inspection. 

Overbank  kemoval --Tne  critical  overbank  area  indicated  in  Figure  6 
consists  or  approximately  25  acres  and  contains  an  estimated  28  percent 
of  the  total  UUTk  in  the  HSB-IC  system.  Its  removal  will  require 
excavation  ana  disposal  of  121,600  cubic  yards  or  sediment.  The 
non-critical  overbank  areas  of  Reach  A  contains  approximately  1.1  percent 
of  the  total  UUTk  in  the  HSb-IC  system.  In  order  to  remove  this 
1.1  percent,  approximately  235  acres  of  overbank  will  have  to  be  cleared 
and  grubbed,  ana  l,122,40u  cubic  yards  of  sediment  will  have  to  be 
excavated . 

Rpmoval  of  the  overbank  sediments  will  require  clearing  all  vegetation 
and  grubbing  all  root  systems.  Disposal  of  cleared  uncontaminated  timber 
arid  debris  will  be  provided  by  the  contractor  hired  for  clearing. 

Kemoval  of  the  contaminated  sediments  to  a  depth  of  3  feet  can  be 
accomplished  simultaneously  with  grubbing  by  a  small  dragline,  operating 
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8)  Section  2ba  of  the  Tennessee  Valley  Authority  Act, 

9)  Various  Historic  and  Archaeological  Data  Preservation  Laws, 

10)  Alabama  hazardous  wastes  Management  Act  of  1978, 

11)  Alabama  Air  Pollution  Control  Act  of  1971, 

12)  Occupational  Safety  and  Health  Administration  Legislation, 

13)  txecutive  Order  11988,  and 

14)  executive  Order  11990. 

4.y  PROPOSED  ALTEKNATIVtS 

4.9.1  Alternative  A;  Natural  Restoration 

With  this  alternative,  mitigation  of  UDTR  contamination  would  be  left  to 
natural  processes.  The  key  question  with  this  alternative  is  will  tne 
situation  get  better  or  worse  if  left  alone?  For  the  situation  to 
improve,  one  of  three  things  must  occur.  Either 

1)  the  UUTk  must  be  degraoed  to  harmless  compounds,  or 

2)  the  UDTk  must  become  isolated  in  some  manner  from  the  rest  of  the 
environment,  or 

3)  the  UUTR  must  be  flushed  out  of  the  system. 

Based  on  trie  known  persistence  of  UDTR,  particularly  at  the  concentra¬ 
tions  found  in  HSb,  the  natural  degradation  rate  will  be  slow.  Half-life 
may  easily  be  on  the  order  of  20  to  30  years.  If  this  is  true,  one  would 
expect  to  have  in  excess  of  50  tons  of  DU'l'R  in  this  system  60  years  from 
now.  Thus,  natural  degradation  appears  to  be  only  a  very  long  term  hope 
at  best. 

Natural  isolation  of  the  material  from  the  rest  of  the  environment  may  be 
possible.  The  most  1 ikely  mechansism  would  be  natural  sediment 
deposition  which  could  bury  the  0UTR.  However,  the  old  DuT  plant  has 
been  closed  for  ove*"  10  years  and  34  percent  of  the  DDTR  is  still  within 
the  top  b  inches  of  secernent,  b7  percent  within  the  top  1  foot.  Thus,  if 
significant  natural  sediment  deposition  is  occurring,  it  is  not  read’ly 
apparent . 

The  third  possible  means  of  natural  restoration  would  be  for  the  DDTR  to 
be  flushed  out  of  the  system.  Uiven  the  mass  of  UDTR  in  the  HSB-IC 
system  and  the  current  estimates  o£  transport  rates,  it  appears  that 
hundreds  of  years  would  be  required  to  flush  the  system  naturally.  Even 
it  this  were  to  uccur,  the  positive  effects  on  the  HbB-IC  system  would  be 
more  than  offset  by  t fie  negative  impacts  on  the  Tennessee  River. 

A  further  negative  factor  in  assessing  the  potential  effectiveness  of 
this  alternative  is  the  relatively  small  amount  of  DDTR  required  to  cause 
significant  contamination.  Currently,  only  0.8  percent  of  the  total  DuTR 
is  in  Inoian  Creek  and  fish  are  contaminated.  It  the  sobstantial 
storehouse  of  DuTk  upstream  is  left  uncontrolled,  the  threat  always 
exists  that  contamination  of  IC  will  be  maintained  or  even  made  worse. 
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It  may  be  that,  given  enough  time,  sufficient  DoTk  will  move  into  the  Ik 
to  cause  even  worse  contamination  proDlems  there. 

On  a  more  positive  note,  there  is  the  suggestion  in  some  of  the  biro 
population  data  from  wheeler  National  Wildlife  Ketuge  that  some  species 
adversely  impactea  by  DuTk  have  been  recovering  in  recent  years. 

However,  tins  recovery  is  not  observed  in  many  species,  also,  it  is  not 
known  whetner  the  appe”ent  recovery  in  some  species  is  due  to  local, 
regional,  or  areawide  conditions. 

The  short-term  risk  of  natural  restoration  is  relatively  low  in  that  the 
situation  does  not  appear  to  be  -apidly  worsening.  Thus,  it  woulc  be 
possible  to  tentatively  employ  this  alternative  coupled  with  continued 
monitoring  and  status  reports.  Tms  would  allow  additional  time  during 
winch  more  derinitive  information  could  oe  gatnereG  to  determine 
contamination  trenos.  Such  a  monitoring  program  Should  include 
measurement  of  GDTR  levels  in  fish,  sediment,  water  and  to  a  more  limited 
extent  in  animals  and  biros.  Cost  would  be  dependent  on  intensity  ano 
frequency  of  sampling  but  is  roughly  estimated  at  S6U0,0U0  per  year. 

The  selection  of  the  natural  restoration  alternative  woulc  nave  the 
advantage  of  providing  time  during  which  new  and/or  currently  unproven 
technology  could  be  developed  which  miynt  result  in  a  more  cost  effective 
mitigation  plan.  However,  there  is  nc  guarantee  that  such  a  plan  would 
materi al ize. 

In  summary,  the  success  of  the  natural  restoration  alternative  depends  on 
natural  actions  that  range  in  probability  from  very  unlikely  to,  at  best, 
possible.  On  the  positive  side,  it  appears  that  conditions  are  not 
rapidly  changing  ana  trie  tentative  selection  of  this  alternative  would 
not  present  a  high  risk  for  a  significantly  worsened  situation. 

4 . y . .  Alternative  b:  Dredging  and  Disposal 

HSb  and  IC  channel  sediments  would  be  hydraulically  dredged  to  a  depth  of 
3  feet.  Trie  critical  overbank  area  would  be  dragline  dredgeo  to  a  depth 
of  3  feet.  Non-critical  overbank  sediments  may  or  may  not  be  dredged. 
Hydraul ical ly  dredged  sediments  would  be  pumped  to  trie  TDMDA,  where  they 
would  be  oewatered.  Dragline-dredged  sediments  would  be  truck-hauled  lo 
the  TDMDA.  Tne  most  feasible  means  of  permanent  disposal  of  contaminated 
sediments  is  closure  of  the  TDMDA  as  a  permanent  landfill. 

Implementation  Summary- - 

1)  Conduct  cultural  resources  survey  of  impacted  areas  and  implement 
necessary  actions  to  recover  or  >  reserve  valuable  sites. 

<0  Construct  temporary  dredged  material  disposal  area  (TDMDm). 

3)  Secure  lease  on  return  water  treatment  system  anu  set  up  at 
Tbi-iDA 
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4)  Clear  and  grub  critical  overbank  area,  dredge  those  sediments 
with  a  aragline  to  a  depth  of  3  feet,  and  dispose  of  in  TDMDA 

b)  Construct  access  roads  along  the  channel  and  install  43  kv 
primary  voltage  power  line  with  lighted  poles 

o)  Clear  all  snags  and  debris  from  HSB  and  1C  channels 

7)  Acquire  12,  14-inch  booster  pumps  and  install  11  of  them  at 
b,(J(JU  foot  intervals  along  access  road  (one  used  as  spare) 

8)  Implement  monitoring  of  dredging  operation 

y)  Dredge  HbB  and  IC  channels  with  14-inch  cutterhead  hydraulic 
dredge  to  a  depth  of  3  feet,  beginning  at  Hbb  Mile  b.b.  Pump  dredged 
sediments  to  TDnDA 

lu)  Dewater  oredged  material  in  the  TDMUA 

11)  Permanently  dispose  of  L)bTR-contarr,inated  sediments  by  closing 
TDMDA  as  a  landfill 

lk!)  Implement  areawide  environmental  monitoring  and  long-term 
monitoring  ano  maintenance  of  the  permanent  disposal  site. 

Options  Availaole  With  Alternative  b- - 

1)  kemove  noncritical  overbank  sediments  of  Reach  A  to  a  depth  of 
3  feet 

2)  Delete  carbon  adsorption  from  return  water  treatment  system 

3)  Remove  dewatered  sediments  from  TDMDA  ano  dispose  of  in  an 
abandoned  mine 

4)  Delete  dredging  of  Reach  C  (IC) 

5)  Delete  dreoging  of  Reaches  ti  ano  C  (Hbb  Mile  2.4  to  IC  mile  O.U) 

Cost  Summary  for  Alternative  b — The  cost  summary  for  Alternative  b  is  in 
Table  b. 

Impact  Summary  for  Alternative  B — The  environmental  impacts  of  dredging 
and  disposal  nave  been  discussed  in  Section  4. b.b. 

with  regard  to  Cultural  Resources,  dredging  impacts  a  large  number  of 
hign  probability  locations  in  the  proximity  of  HSb  and  IC.  There  is 
presently  no  way  to  predict  accurately  how  many  sites  are  located  in  the 
alluvial  bottomlands  of  1C  and  HSb,  now  inundated  by  wheeler  Reservoir. 
Disposal  of  dredged  material  will  impact  a  relatively  smaller  area  with  a 
high  probability  for  site  locations,  as  indicated  by  the  reconnaissance 
survey. 
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Table  IS.  Lost  Summary  for  Alternative 
tor  Dredging  Plan  III) 

B  (As  Detailed  in  Table  lli-li 

Dredging 

Keacnes 

Total  Estimated  Lost 

Plar, 

Inc  i uued* 

(Mi  1 1  ions  of  Dol  lars ) 

I 

rt 

30.91 

II 

42.53 

Ill 

M,b,C 

72.03 

tstimatea  Effect  of  Utner 

Options  on 

Lost  Estimate  (Millions  of  Dollars): 

-Implement  noncritical  uverbank  Removal  Option  +  14.57 

-Delete  Laroon  adsorption  From  Return  Water 

Treatment  bystern  -  4.16 

-Implement  Mine  Disposal  (Plan  III)  +  15. bl 

(Incluuing  Disposal  ,f  Noncritical  Uverbank  Sediments)  +  43.37 
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4.9.3  Alternative  C.  Uut-of-basin  Diversion  and  Removal  of  Contaminated 
Sediments 


HSB  woula  be  diverted  from  3  miles  upstream  of  the  highly  contaminated 
area  directly  to  the  Tennessee  River.  Channel  sediments  between  HSB 
Mile  3.4  and  It  Mile  0.0  would  be  hydraulically  dredged  under  near-zero 
flow  conditions.  The  HSB  channel  between  Miles  3.4  and  b.b  may  be 
hydraulically  dredged,  or  dredged  with  a  dragline  if  the  area  is 
dewaterea  by  construction  of  tne  containment  dif^e  illustrated  in 
Figure  9.  Critical  overbank  sediments  would  be  dragline-dredged  and 
non-critical  overbank  sediments  may  or  may  nc'  be  dredged. 

Implementation  Summary-- 

1)  Conduct  cultural  resources  survey  of  impacted  areas  and  implement 
necessary  actions  to  recover  or  preserve  valuable  sites. 

2)  Construct  aut-of-basin  diversion  of  HSB  and  McDonald  Creek 
cut-off  channel. 

3)  Raise  Rattan  Road  to  elevation  b78  and  construct  dike  northwest 
of  Patton  Koad.  Tnis  dixe  combination  will  serve  as  a  diversion  dike  for 
HSB  and  will  limit  transport  of  contaminated  sediments  in  HSB  during 
removal  operations 

4)  Construct  TDMDa 

5)  Secure  lease  on  return  water  treatment  system  and  set  up  at 
TumDa 

b)  Clear  and  grub  critical  overbank  area,  dredge  those  sediments 
with  a  dragline  to  a  depth  of  3  feet,  and  dispose  of  in  TDMDA 

7)  Dredge  HSB  and  IC  channels  by  one  of  the  two  following  methods: 

a)  Hydraulic  Dredging  as  summarized  in  items  (5)  through  (9)  of 
Section  4.9.2 

b)  Construct  western  containment  dike,  drainage  channel,  and 
pumping  station  as  shown  in  Figure  10  and  excavate  sediments 
within  the  containment  area  (HSB  Miles  2.4  to  5.6)  to  a  depth 
of  3  feet  with  a  dragline.  Dispose  of  sediments  in  TDMDa. 
Dredge  sediments  downstream  from  hSB  Mile  2.4  hydraulical ly 
as  summarized  in  items  (5)  through  (9)  of  Section  4.9.2. 

8)  Dewater  dredged  material  in  TDMDa 

9)  Permanently  dispose  of  DUTR-contaminated  sediments  by  closing 
TUMDa  as  a  landfill 

10)  Implement  areawide  environmental  monitoring  and  long-term 
monitoring  and  maintenance  of  the  permanent  disposal  site. 

Options  Available  With  Alternative  C — 
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1)  Remove  noncritical  overbank  sediments  to  a  depth  of  3  feet 

2)  Delete  carbon  adsorption  from  return  water  treatment  system 

3)  Remove  dewatered  sediments  from  TDMDA  and  dispose  of  in  an 
abandoned  mine. 

4)  Delete  creeping  of  Reach  C  (IC) 

5)  Delete  dredging  of  Reaches  b  and  C  (hSd  Mile  2.4  to  IC  Mile  0.0) 

6)  Use  alternate  alignment  for  out-of -basin  diversion  to  maintain  it 
within  kSa  boundaries 

Lost  Summary--The  cost  summary  for  Alternative  C  is  in  Table  9. 

Impact  Summary--Tiie  environmental  impacts  of  out-of-basin  ai vers  ion  and 
ot  dredging  and  disposal  have  been  discussed  in  Sections  4.4.5 
and  4.3.6. 

witn  regard  to  Cultural  Resources,  Alternative  C  impacts  a  large  number 
of  higu  probability  locations.  All  probable  or  potential  sites  in  the 
proximity  of  HSB,  IC,  and  the  disposal  area  would  be  impacted  by  oredging 
associated  with  this  alternative.  In  addition,  tne  Out-of-basin 
diversion  route  affects  the  largest  number  of  Known  sites,  as  well  as  the 
greatest  number  of  sites  potentially  eligible  for  the  National  Register. 

4.9.4  Alternative  b:  Out-of-basin  Diversion  and  Containment  of 
Contaminated  Sediments 


HSB  would  be  diverted  from  3  miles  upstream  of  the  highly  contaminated 
area  directly  to  tne  Tennessee  River.  Cnannel  sediments  between  riSb 
Mile  2.4  and  IC  Mile  0.0  would  be  nyaraulical ly  dredged.  A  containment 
dike  as  illustrated  in  Figure  9  would  be  constructed.  Channel  and 
critical  overbank  sediments  within  the  containment  area  would  be  covered 
with  compacted  clay  and  clean  fill.  Non-critical  overoank  sediments  may 
or  may  not  be  covered. 

Implementation  Summary — 

1)  Conduct  cultural  resources  survey  of  impacted  areas  and  implement 
necessary  actions  to  recover  or  preserve  valuable  sites. 

2)  Construct  out-of-basin  diversion  of  HSB  and  McDonald  Creek 
cut-off  channel . 

3)  Raise  Patton  Road  to  elevation  578  and  construct  dike  northwest 
of  Patton  Road.  This  dike  combination  will  serve  as  a  diversion  dike  for 
HSB  and  will  help  contain  contaminated  sediments  in  HSB. 

4)  Construct  western  containment  dike,  drainage  channel  and  pumping 
station  as  shown  in  Figure  ID. 
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Table  y. 


Cost  Sumnary  for  Alternative  C  (As  bet  ailed 


in  Table  1 1 1-14) 


uredging  Hetnod(s) 

Uti  1 ized 

Total  estimated  Cost 
(Mil  1  ions  of  Uol lars ) 

All  Hydraulic  uredging 

122.25 

Dragline  Uredging  Detween 
rtSb  Hi  les  2.4  and  S.b, 

Remainder  rtyaraul ical ly 

Uredged 

127 .40 

tstimaied  trfect  of  Uther  Options  on  Cost  tstimate  (Millions  of  Dollars): 

-Implement  hoacri t ical  Overbank  Removal  Option 

in  Reacn  A  +  14.5/ 

-Delete  Carbon  adsorption  From  Return  water 


Treatment  bystem 

- 

4.1b 

-implement  Mine  Disposal 

+ 

15.04 

(Including  uisposal  of  Overbank  Sediments) 

+ 

43.37 

-Delete  hydraulic  Dredging  of  Reach  C 

- 

17.94 

-Delete  hydraulic  urcGging  or  Reaches  b  and  C 
-Use  Alternate  Sector  Routings  to  Keep  Diversion 
within  RSh  boundaries  (i.e..  Sectors  A-2,  b. 

2b.  93 

C-2,  U-2,  and  L) 

+ 

b.22* 

♦Cost  increase  is  attributed  almost  entirely  to  the  increased  amount  of 
bedrock  expected  to  be  encountered  ouring  excavation  ct  the  channel. 
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b)  Clear  and  gruo  critical  overbank  area.  Remove  snags  and  debris 
from  hbb  channel. 

b)  Cover  critical  overbarik  and  channel  sediments  within  the 
containment  area  with  a  minimum  of  b  inches  of  compacted  clay  and  lb 
inches  of  soil  suitable  for  supporting  vegetative  cover. 

1)  establish  vegetative  cover  on  placed  fill. 

b)  Dredge  contaminated  channel  seoiments  downstream  from  Hbb 
Mile  2 .4  as  summarized  in  items  (1)  through  (11)  of  Section  4.9.2 

9)  Implement  areawide  environmental  monitoring  and  long-term 
monitoring  and  maintenance  of  the  permanent  disposal  site. 

uptions  Available  with  Alternative  D-- 

1)  Apply  cover  to  entire  overbank  area  within  containment. 

2)  Delete  carbon  adsorption  from  return  water  treatment  system. 

3)  Remove  dewatered  dredged  sediments  from  TDMDa  ano  dispose  of  in 

an  abandoned  mine. 

4)  Delete  hydraulic  dredging  of  Reach  C  (IC). 

b)  Delete  hydraulic  dredging  of  Reaches  B  and  C  (HSB  Mile  2.4  to  IC 

Mile  u.u). 

b)  Dse  alternate  alignment  for  out-of-oasin  diversion  to  maintain  it 
within  kSm  boundaries. 

Cost  bummary--The  cost  summary  for  Alternative  D  is  in  Table  9. 

Impact  Summary  for  alternative  D--The  environmental  impacts  of 
out-ot-basin  diversion  and  of  containment  have  been  discussed  in 
Sections  4.4.b  and  4.b.4. 

With  reyard  to  Cultural  Kesources,  Alternative  D  impacts  a  large  number 
of  high  probability  locations.  All  probable  or  potential  sites  in  the 
proximity  of  Hbb,  IC,  and  the  disposal  area  would  be  impacted  by  dredging 
or  covering  associated  with  this  alternative.  In  addition,  the 
out-ot-basin  diversion  route  affects  the  laryest  number  of  known  sites  as 
well  as  the  greatest  number  of  sites  potentially  eligible  for  the 
National  Register.  Construction  of  the  dewatering  dike  north  of  HbB  may 
impact  additional  sites  in  a  high  probability  area. 

4.9.5  Alternative  fc.  Within-Basin  Diversion  and  Removal  of  Contaminated 
Sediments 

HSB  would  be  diverted  around  the  highly  contaminated  channel  between 
Miles  3.9  and  S.b.  A  containment  dike  as  illustrated  in  Figure  B  would 
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Table  1C.  Cost  Summary  for  Alternative  U  (as  Detailed  in  Table  IIl-l?) 


-Delete  Laroori  Aosorptiort  l-ront  keturn  water 

Treatment  system  .  -  4.10 

-Implement  mine  Disposal  +  1^.40 

-Delete  Hyaraulic  Dredging  of  Keach  C  - 

-Delete  hydraulic  Dredging  of  keaches  b  ana  C  -  40. 6J 

-Use  Alternate  Sector  Koutirtgs  to  Keep  Diversion  Within 

kSA  bounaaries  +  b.22 
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be  constructed.  HSB  and  IC  channel  sediments  downstream  from  the 
containment  area  would  be  hydraulically  dredged.  Channel  sediments 
within  tne  containment  area  may  be  hydraulically  dredgeo  under  near-zero 
flow  conditions,  or  dragline  dredged  if  the  containment  area  is 
dewatered.  Critical  overbank  sediments  would  be  dragline  dredgeo,  and 
non-critical  overoank  sediments  may  or  may  not  be  oredged. 

Implementation  Summary- 

1)  Conduct  cultural  resources  survey  of  impacted  areas  ana  implement 
necessary  actions  to  recover  or  preserve  valuable  sites. 

2)  Construct  wi thin-basi n  diversion  and  diversion/containment  dike. 

3)  Construct  TDmDA. 

4)  Secure  lease  on  return  water  treatment  system  ana  set  up  at 
TDMDA. 

b)  Clear  anu  yrub  critical  overbank  area,  aredge  those  sediments 
with  a  dragline  to  a  depth  of  3  feet,  and  dispose  of  in  TDMDa. 

b)  Dredge  hSb  and  1C  channels  by  one  of  tne  two  following  methoos: 
a)  nyaraulic  dredging  as  summarized  in  items  ( b )  through  (9)  of 
Section  4.9.2. 

b;  Dragline  aredge  HSB  channel  sediments  within  the  containment 
area  (HSb  Miles  4.0  to  5.6)  to  a  depth  of  3  feet.  Dispose  of 
sediments  in  the  T DriDA.  Dredge  sediments  downstream  from  HSB 
Mile  4.0  hydraulically  as  summarized  in  items  (5)  througn  (9)  of 
Section  4.9.2. 

7)  Dewater  dreaged  material  in  TDMDA. 

8)  Permanently  dispose  of  ODTR-contaminated  sediments  by  closing 
TDMDa  as  a  lanat ill. 

9)  Implement  areawide  environmental  monitoring  and  long-term 
monitoring  and  maintenance  of  the  permanent  disposal  site. 

Options  Available  with  Alternative  6 — 

1)  Remove  non-critical  overbank  sediments  to  a  oepth  of  3  feet. 

2)  Delete  carbon  adsorption  from  return  water  treatment  system. 

3)  Remove  oewatered  sediments  from  TOMDa  and  dispose  of  in  an 
abandoned  mine. 

4)  Delete  dredging  of  Reach  C  (IC). 

5)  Delete  oredging  of  Reaches  B  and  C  (HSb  Mile  2.4  to  IC 
Mile  0.0). 
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Cost  Suminary--The  cost  summary  for  Alternative  E  is  in  Table  lu. 

Impact  Summary  tor  Alternative  t--The  environmental  impacts  of 
witnin-basin  ji version  and  of  dredying  and  disposal  have  been  discussed 
in  Sections  4.b.b  and  4.3.6. 

witn  regard  to  Cultural  Resources,  all  probable  or  potential  sites  in  the 
proximity  of  HSb,  IC,  and  the  disposal  area  would  be  impacted  by  dredging 
associated  with  Alternative  t.  In  addition,  the  within-basin  diversion 
channel  and  a  ikes  will  impact  one  reported  site  and  possibly  other 
potential  sites. 

4 . 9 . b  Alternative  F:  Within-basin  Diversion  and  Containment  of 
Contaminated  Sediments 


HSb  would  be  diverted  around  the  nighly  contaminated  channel  between 
Miles  3.9  and  b.b.  A  containment  dike  as  illustrated-  in  Figure  8  would 
be  constructed.  HSb  and  IC  channel  sediments  downstream  from  the 
containment  area  would  be  hydrauHCal ly  dredged.  Channel  and  critical 
— overoartTf'sediments  within  the  containment  area  would  be  covered  witn 
compacted  clay  ana  clean  fill.  Non-critical  overbank  sediments  may  or 
may  not  be  covered.  An  option  is  given  to  construct  a  disposal  area 
witnin  the  diversion/containment  dike  for  sediments  dredged  downstream 
from  HSb  Hi  1 e  3.9. 

Implementation  Summary- - 

1)  Conduct  Cultural  resources  survey  of  impacted  are  as  and  implement 
necessary  actions  to  recover  or  preserve  valuable  sites. 

2)  Construct  within-basin  diversion  and  diversion/containment  dike. 

3)  Clear  and  grub  critical  overbank  area.  Remove  snags  ana  debris 
from  the  HSb  channel . 

4)  Cover  critical  overbank  and  channel  sediments  within  the 
containment  area  with  a  minimum  of  fa  inches  of  compacted  clay  and  18 
inches  of  soil  suitable  for  supporting  vegetative  cover. 

d)  Establish  vegetative  cover  on  placed  fill. 

b)  Dredge  contaminated  sediments  downstream  from  HSb  Mile  2.4  as 
summarized  in  items  U)  through  (11)  of  Section  4.9.2. 

7)  Implement  areawide  environmental  monitoring  and  long-term 
monitoring  and  maintenance  of  the  permanent  disposal  site. 

Options  Available  With  Alternative  F-- 

1)  Use  within-basin  diversion  containment  area  tor  disposal  of 
dredged  material. 
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Table  ii.  Cost  Summary  tor  Alternative  E  (As  Detailed  in  Table  *11-20) 


Dredging  Method (s) 

Dti 1 lzed 

Total  Estimated  Cost 
(Mil  1  ions  ot  Dol lars ) 

all  Hydraulic  Ureaging 

90.6/ 

Dragline  Dredging  between 

hSb  Miles  2.4  ana  S.b, 

kemainder  Hydraulically 

Dredgea 

91.43 

tstir.iatea  tffect  of  other  Options  on  Cost  estimate  (Millions  or  Dollars): 


Implement  Noncritical  Overoank  Removal  Option  in  Reach  a  +  14. S7 


-Delete  Carbon  Adsorption  from  Return  Water 

Treatment  System  -  4.1b 

-Implement  Mine  Disposal  +  lb. SI 

(Including  Disposal  o*  Overbank  Sediments)  +  4j.37 

-Delete  Hydraulic  L'reoging  of  Reach  C  -  29.02 

-Delete  Hyoraulic  Dodging  of  Reacnes  6  and  C  -  40.63 
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2)  Cover  non-critical  (fterbank  sediments 

3)  Delete  carbon  adsorption  from  return  water  treatment  system 

4)  kcmove  dewatered  sediments  from  TDmDa  and  dispose  of  in  an 
abandoned  mine 

b)  Delete  dredging  of  Reach  C  (IC) 

b)  Delete  oredging  of  Reaches  b  and  C  (HSB  Mile  2. 4  to  IC  Mile  U.O) 

Cost  bu»)mary--Tiie  cost  summary  for  Alternative  r  is  in  Table  11. 

Impact  Bummary  for  Alternative  F--Tne  environmental  impacts  of 
witmn-basm  oi version  ara  ot  containment  have  been  oiscusseo  in 
Sections  4.b.5  ano  a.b.4. 

With  regard  to  Cultural  Resources,  all  probable  or  potential  sites  in  trie 
proximity  of  HBB,  IC,  ana  the  oisposal  area  would  be  impacted  by  oreoging 
or  coveriny  associated  with  Alternative  F.  In  addition,  the  within-basin 
oiversion  channel  and  dikes  will  impact  one  reported  site  ano  possibly 
other  potential  sites. 

5.0  kktUlCTLU  EK-ECTIVENEiS  UF  MITIGATION  ALTERNATIVES 

There  are  several  measures  by  which  the  effectiveness  of  a  mitigation 
alternative  can  be  estimated.  These  include  the  following: 

1)  Percent  or  mass  of  contamination  contained  in-place 

2)  Percent  or  mass  of  contamination  removed  and  disposed  of 

3)  Residual  contamination  left  in  the  system  and  the  potential  for  its 
mitigation  by  natural  processes 

4)  Degree  of  snort-term  transport  of  DDTR  downstream  during 
imp  lenient  at  ion 

5)  The  time  required  for  DDTk  levels  in  biota  (particularly  fish)  to 
reach  acceptably  low  levels. 

The  oistinction  is  made  between  items  1)  and  2)  because  there  is  ar. 
inherent  difference  in  effectiveness  between  the  two.  Covering 
contaminated  sediments  in  place  can  be  assumed  to  be  near  10U  percent 
effective,  provided  proper  long-term  maintenance  is  implemented. 

Removing  and  disposing  of  contaminated  sediments  is  subject  to  the 
following  shortcomings  which  preclude  its  being  100  percent  effective: 

o  Borne  degree  of  residual  contamination  will  inevitably  De  left 
behind 

o  Bhort-term  transport  of  DDTk  to  trie  Tk  will  occur  to  an  undeter¬ 
mined  extent  during  oredging 

o  Tne  potential  for  leakage  or  spillage  during  retnov.  operations. 
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Table  12.  cost  Nummary  for  Alternative  f  (as  Detailed  hi  Table  111-23) 


Disposal  Option 
ir.iplementeo 

Total  Estimated  Cost 
(Ml  1  ions  of  Dol  1  ars ) 

Use  TuiiOA 

-excluding  overbank  covering  option 
-including  overbank  covering  option 

Use  witnin-Basin  uiversion  Containment 

Area  tor  Disposal  area 

8b. 32 

Da.  3b 

88.30 

Estimated  ttfect  of  other  Options  on  Cost  Estimate 

(M  1 1  ions 

of  Dol lars/ : 

-Delete  Carbon  Adsorption  from  Keturn  Water 

Treatment  bystem 

- 

4.1b 

-Imp lenient  Mne  disposal 

+ 

14.  OU 

-delete  hydraulic  Dredging  ot  aeacu  C 

- 

29.02 

-Delete  riyaraulic  ureaging  of  Reaches  5  ana  C 
-Ubtuin  un-bite  borrow  material  tor  Construction  anc 

Closure  or  disposal  bite  Within  the  Containment  Area 

4U.b3 

(buitabi 1 i ty  must  be  determined) 

“ 

5.09 
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*T*Ffe  decree  to  *whicn  these  occur  can  be  minimized  by  careful  monitoring 
and  control  of  the  dredging  operation,  however,  since  they  will 
inevitably  occur  t<3  some  extent,  dredging  and  removal  can  be  assumed 
somewhat  less  effective  than  in-place  containment. 

The  effectiveness  of  any  of  the  alternatives  is  affected  by  residual 
contamination  which  can  result  from  (1)  areas  of  contamination  where  no 
direct  mitigation  is  attempted  and  (2)  contamination  remaining  due  to 
inefficiency  in  the  mitigation  technique  applied.  Obviously  if  a 
decision  is  made  not  to  dredge  the  lower  reaches  of  IC,  the  contamination 
left  in  this  area  will  reduce  the  effectiveness  of  the  alternative. 

Item  4  pertains  strictly  to  dredging.  The  degree  to  which  downstream 
uUTh  transport  occurs  depends  on  the  alternative  selected  as  well  as 
turbidity  control  at  the  dredge  head,  m  within-basin  diversion  will 
eliminate  UUTk  transport  from  the  highly  contaminated  area  within  the 
containment  dike,  but  will  afford  no  protection  outside  the  dike.  The 
out-of-basin  diversion  can  eliminate  UUTR  transport  from  areas  upstream 
or  Liodo  Road  as  well  as  greatly  reduce  it  below  Dodd  koad  and  in  IC. 

a  comparison  cf  effectiveness  of  alternatives  (excluding  any 
consideration  of  biota  contamination)  is  given  in  Table  11-54. 

Finally,  a  key  factor  is  the  effectiveness  of  an  alternative  in  reducing 
uuTK  levels  in  fish  to  below  the  5  ppm  Fua  guideline.  Unfortunately, 
this  is  probably  the  most  difficult  measure  of  effectiveness  to  predict 
with  accuracy.  Un  the  one  hand  one  can  state  that  removal  or  isolation 
of  a  high  percentage  of  the  UUTk  in  the  nSd-IC  system  can,  in  the  long 
term,  only  help  the  situation.  Yet  because  of  the  high  prtential  for 
significant  fish  contamination  from  even  low  residual  levels  of  UUTk,  one 
cannot  easily  predict  how  quickly  positive  results  can  be  realized 
following  a  clean-up  effort. 

Several  factors  should  be  considered  in  attempting  to  judge  how  long  it 
might  take  for  UUTk  levels  in  fish  to  be  reduced  to  below  5  ppm.  These 
include  current  contamination  levels,  method  of  contamination,  de¬ 
gradation  of  UUTK  by  natural  processes,  effectiveness  of  UUTk  removal, 
and  rate  at  which  fish  can  excrete  or  break  down  UUTR.  In  Appendix  II, 
Section  5.3,  these  factors  are  considered  in  some  depth.  Channel  catfish 
in  Wheeler  keservoir  downstream  of  IC  appear  to  have  UUTk  concentrations 
on  the  order  of  10  ppm  due  to  very  low  level  contamination  of  either  or 
b at h  sediment  and  water.  Near  IC  DUTK  levels  in  channel  catfish  are 
higher  which  may  be  due  to  higner  localized  sediment  or  water  UUTR 
concentrations  and/or  to  migration  of  fish  in  and  out  of  IC.  Neverthe¬ 
less,  it  appears  that  for  channel  catfish  bioconcentration  of  UUTR 
produces  fish  concentrations  in  excess  of  5  ppm  from  extremely  low 
environmental  concentrations.  Hence,  it  is  not  reasonable  to  expect 
channel  catfish  UUTk  levels  to  drop  below  5  ppm  until  environmental  DuTk 
levels  are  reduced  below  what  currently  exists  ii  the  Tk.  Presently  this 
level  is  below  what  might  reasonably  be  expected  to  initially  remain  in 
IC  and  H3u  after  a  mitigation  alternative  was  completed.  Further,  these 
levels  of  UUTk  in  the  Tk  water  and  sediment  would  still  be  present  even 
if  a  mitigation  alternative  were  completed.  Following  the  completion  of 
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any  of  the  alternatives  except  natural  restoration,  it  is  assumed  tnat 
the  flow  of  jL/Tk  to  the  TK  would  be  significantly  reduceG.  with  little 
or  no  "fresh"  DuTk  entering  the  river,  it  coulo  be  expected  tnat  existing 
concentrations  would  go  down. 

Unfortunately,  no  data  exists  regarding  natural  degradation  rates  for 
DUTk  uriaer  conditions  similar  to  those  found  in  IC  and  TK.  Data  for 
breakdown  rates  in  soils  show  figures  ranging  from  less  than  one  year  to 
greater  than  30  years  depending  on  a  number  of  conditions.  Under  the 
assumption  that  some  mitigation  action  had  essentially  eliminated  the 
movement  of  DDTk  from  1C  to  the  Tk  ano  that  natural  breakdown  in  an 
aquatic  environment  might  roughly  parallel  breakdown  in  tne  soil, 
significant  reductions  in  DUTR  might  occur  in  roughly  1-30  years. 

bince  the  uptake  and  reduction  of  DDTk  in  fish  has  been  shown  to  occur  in 
significantly  shorter  time  spans  than  appear  to  be  required  for  natural 
degradation  of  DDTk,  it  is  assumed  that  the  fish  are  at  or  near  equili¬ 
brium  with  respect  to  DOTR  in  the  environment.  Consequently,  one  would 
expect  DDTK  levels  in  fish  to  closely  parallel  reductions  of  DDTk  in  the 
environment. 

If  the  assumptions  and  conditions  noted  above  are  valid,  it  might  take 
from  a  relatively  few  to  30  or  more  years  for  DDTk  levels  in  channel 
catfish  in  the  TR  to  drop  below  the  5  ppm  guideline  following  completion 
of  one  of  the  action  alternatives.  Further,  since  any  of  the  action 
alternatives  will  leave  at  least  some  residual  amounts  of  DDTk  in  IC 
above  wnat  currently  exists  in  the  Tk,  the  channel  catfish  in  IC  can  be 
expected  to  remain  contaminated  for  even  longer  periods  of  time. 

No  difference  between  the  action  alternatives  can  be  detailed  regarding 
how  quickly  DUTR  levels  in  channel  catfish  in  IC  and  HSB  can  be  reduced. 

The  natural  restoration  alternative  is  predicted  to  be  ineffective  in 
controlling  DDTk  contamination  of  the  HSB-IC-TR  system. 
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III.  APPtNDIX  III:  ALTERNATIVES  FUR  MITIGATION  OF  OUT  CONTAMINATION  In 
HUNTSVILLE  SPRING  BRANCH  ANU  INDIAN  CREEK 
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3.3  VOLATILIZATION  FROM  SOIL,  WATEk  ANU  other  surfaces 


The  major  means  of  pesticide  entry  into  the  atmosphere  are: 
o  spray  drift  during  application; 
o  volatilization  from  treated  surfaces;  and 
o  movement  of  wind  blown  dust  particles  (Spencer,  19/S). 

Potential  volatility  of  the  various  DDT  isomers  and  degradation  products 
is  related  to  their  vapor  pressures  but  actual  volatilization  rates  will 
depend  ori  environmental  conditions  and  all  factors  that  modify  the 
effective  vapor  pressure  (Spencer,  1975).  Vapor  pressure  or  potential 
volatility  is  greatly  affected  by  the  interactions  with  soil.  Adsorption 
of  OUT  depends  upon  its  concentration  in  soil,  soil  water  content  and 
soil  properties  (Spencer,  1970).  Uuenzi  and  beard  (197U)  reported  that 
the  initial  UUT  volatilization  rate  was  inversely  related  to  soil  organic 
matter  content. 

The  o,p'  and  p,p'  isomers  of  00T,  DDL),  and  DUE  are  generally  only  slight¬ 
ly  soluble  in  water  (bowman  et_  aj_. ,  i960).  As  a  result  they  tend  to 
accumulate  at  either  air-water  or  soil-water  interfaces.  This  tendency 
results  in  an  accelerated  volatilization  of  DuTk  from  such  systems.  This 
tendency,  however,  is  offset  by  adsorption  of  DOTH  to  soil  and  colloidal 
materials,  bailey  and  White  (1964  and  1970)  and  White  and  Mortland 
(1970)  observed  that  soil  or  colloid  type,  temperature.,  nature  of  the 
cation  on  trie  exchange  sites  and  the  nature  of  the  OUT  formulation  all 
directly  influence  adsorption. 

In  water-UOT  systems,  water  and  UOT  vaporized  independently  of  each  other 
by  diffusion  (hartley,  1969;  Hamaker,  1972;  Spencer  eit  jn. ,  1973).  l)DT 
exhibits  a  high  affinity  for  concentrating  at  the  water-air  interface 
(bowman,  et  al_. ,  1959,  1964  and  Acree  et  al . ,  1963).  This  ennanced 
volatilization  was  termed  co-distil lation~TAcree  et  al . ,  1963). 

Losses  by  volatilization  from  soil  will  aepena  on  pesticide  concentration 
and  vapor  density  relationships  at  the  soil  surface.  [Guenzi  and  Beard 
(1970)  reported  that  the  initial  DDT  volatilization  rat_-  was  inversely 
related  to  soil  organic  matter  content.]  Volatilization  rate  decreases 
rapidly,  however,  as  the  concentration  at  the  soil  surface  drops  and, 
thereafter,  becomes  dependent  upon  the  rate  of  movement  of  the  pesticide 
to  the  soil  surface  (Spencer,  1970;  Spencer  and  Cliath,  j.973;  Farmer 
et  al_. ,  1972  and  1973).  Vapor  pressure  of  pesticides  at  the  soil  surface 
is  a  major  factor  influencing  volatilization  rate.  The  vapor  pressure  of 
OUT  in  soil  increases  greatly  with  increased  OUT  concentration  and  tem¬ 
perature  but  decreases  substantially  when  the  soil  water  content  de¬ 
creases  below  one  molecular  layer  of  water  (Spencer  and  Cliath,  1972). 
Further,  the  soil  water  content  markedly  influences  the  vapor  pressure. 
Spencer  and  Cliath  (1972)  reported  the  relative  vapor  pressure  of  DOT  in 
Gila  silt  loam  was  21  times  greater  at  7.5  percent  than  at  2.2  percent 
soil  water  content. 

Spencer  and  Cliath  (1972)  reported  the  relative  vapor  pressure  and  vola- 
tibility  of  OUTK  (see  Table  1-2). 
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TdDle  I -2 .  Saturation  Vapor  Densities  and  Apparent  Vapor  Pressures  of  DDT 
and  Related  Compounds  at  30"C 


Cnemical 


Vapor  Density 
(ng/L) 


Vapor  Pressure^ 
(mm  hg  x  ID*7) 


p,p' -DDT 

o, p'-UUT 

p, p' -DUE 
p,p' -uDD 
o,p' -DUE 
o,p' -UDD 


13.6 

104 

109 

17x2 

(104)2 

(31.9)3 


7.26 

56.3 

64.9 

10.2 

(61.6)2 

(18.9)3 


^Calculated  from  vapor  density,  w/v,  with  tne  equation:  P  =  w/v  •  RT/M. 

2Atmosphere  probably  not  saturated  with  o,p‘-DDE.  DDE  in  sand  column  was 
mainly  pfp'-DUE. 

3Atmosphere  probably  not  saturated  with  o,p'=DDD.  The  sand  column  was 
prepared  with  p,p'-UUu,  which  contained  sufficient  o,p'-DUU  as  an  impurity 
to  produce  this  vapor  density. 

Source:  Spencer  and  Cliath,  1972. 
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The  composition  of  vapor  at  3 U*C  in  equilibrium  with  technical  UuT 
applied  to  silica  sand,  a  non-adsorbing  surface,  at  a  rate  of  1-2  percent 
is  listed  in  Table  1-3  (Spencer  and  Cliath,  1 y 72 ) . 

TaDle  1-4  presents  the  vapor  densities  of  UDTR  and  the  percentage  of  the 
total  vapor  made  up  of  each  constituent  as  related  to  application  rate  or 
technical  UOT  to  Gila  silt  loam. 

Little  information  is  available  regarding  volatilization  from  plant 
surfaces.  Une  would  assume  vapor  percentages  would  be  similar  to  those 
presented  in  Table  1-4  until  only  p,p'-0L)T  remained. 

Actual  estimates  of  volatilization  from  soils  have  rarely  been  made 
utilizing  field  conditions.  Spencer  (1975)  did  estimate  a  rate  of  5  to 
10  kg/ha/year  for  surface  residues  of  L)DT  in  the  temperature  range  of 
25-3u°C  based  on  available  published  laboratory  data.  Soil  incorporated 
residues  would  volatilize  at  a  much  lower  rate. 

a  study  by  Ware  et  ah  (1977)  measured  OUTR  loss  from  ..oil  by  volatiliza¬ 
tion  over  a  one  year  period  from  a  desert  plot  and  over  7b  days  from  a 
cultivated  cotton  field.  The  desert  area  lost  8U  percent  over  12  months 
while  the  irrigated,  cultivated  cotton  plot  only  lost  20  percent  duriny 
tne  7o  day  period.  These  estimates  are  indicative  of  the  range  of  loss 
rates  under  a  variety  of  field  conditions. 

3.4  PERSISTENCE  IN  SOIL 

A  number  of  investigators  nave  estimated  the  persistence  of  UuT  in  soils 
(see  Table  1-5  ter  a  compilation).  These  estimates  range  from  less  than 
a  year  to  some  30  years.  It  is  difficult  to  predict  degradation  rates 
since  many  factors  influence  persistence.  These  factors  include  soil 
type,  organic  matter  content  (Liechtenstein  and  Schulz,  195y; 
Liechtenstein  et_  al . ,  196U;  Bowman  et_  al . ,  19b5)  moisture  level,  pH, 
temperature,  cultivation,  mode  of  applTcation  and  soil  organisms 
(Lichtenstein,  1965). 

3.5  WATER  SOLUBILITY 

The  solubility  of  OUT  in  water  is  reported  to  1.2  parts  per  billion 
(ppb)(Bowman  et_  a_l_. ,  i960;  Harris,  1970).  Gunther  et  aj_.  (1968)  noted, 
however,  that  natural  waters  contain  salts,  colloidaT  materials  and 
suspended  particulate  matter  which  may  increase  the  apparent  solubility 
of  OUT. 

4.0  UUT  UEGRAUaTION  IN  THE  ENVIRONMENT 

In  order  to  describe  the  degradation  of  DL)T  in  the  environment,  the 
subject  will  be  broken  down  into  several  subsections  for  review.  An 
overall  metabolic  pathway  is  shown  in  Figure  1-2  iri  an  .effort  to  describe 
the  picture  concisely. 
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Taole  1-3.  Vapor  Composition  in  Association  with  Technical  LJUT  at  30’C 


Chemical 

Vapor 

ng/L 

Density 
%  of  Total 

Cone,  in  Teen 
DOT  (%) 

p,p'-DDT 

13.6 

8.0 

74.6 

o,p' -DDT 

104 

61.7 

21.1 

p,p‘ -UUt 

24.1 

14.3 

0.81 

o,p 1  -UUt 

26.9 

16.0 

0.07 

TOTAL 

158.  b 

— 

— 

Source:  Spencer  and  Cliath, 

1972. 

• 
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Table  1-4.  Vapor  Density  of  p,p'-UuT,  o,p'-UuT,  p,p'-DUE,  and  o,p'-UUt 
as  Related  to  Concentration  of  Technical  DUT  in  bila  Silt 
Loan  at  7.b  Percent  «*ater  Content  and  30'C 


Teen. 
DOT1 
Cone . 

("g.g) 

Vapo"  Density  (nq/L) 

Vapor  Density  (*>  of  Total) 

P,P'- 

DOf 

o,p‘- 

DuT 

P.P' 

JOE 

o,p' 

DDE 

Total 

P.P'  - 
DDT 

o,p‘  - 
UDV 

P.P'  - 
DDE 

o,p'- 

DDt 

2.6 

1.11 

1.1b 

0.43 

... 

2.70 

41.1 

43.0 

15.9 

... 

6 

2.66 

2.22 

U.6D 

5.47 

48.4 

40.6 

11.0 

— 

10 

b.07 

5.26 

1.08 

— 

12.41 

48.9 

42.4 

8.7 

— 

2U 

13.96 

11.92 

2.94 

0.45 

29.26 

47.8 

40.7 

10 

1.5 

40 

12.11 

21.40 

3.03 

0.70 

37.24 

32.5 

67.5 

8.1 

1.9 

60 

13.37 

32.74 

3.42 

0.97 

50.50 

26.5 

64.8 

6.8 

1.9 

120 

13.62 

67.0 

5.41 

l.b4 

87.67 

15.5 

7b. 4 

6.2 

1.9 

^Technical  DDT  containing  74.6  percent  p.p'-DDT,  21.1  percent  o,p'-DDT, 
0.81  percent  p.p'-DDE  and  0.07  percent  o.p'-DDE. 


Source:  Spencer  aria  Cliath.  1972. 
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Table  I-b.  Estimates  of  Half  Lives  and/or  Disappearance  Rates  from  Soil 


Estimate 


Reference 


lb  years 


lux  remained 

after  lb 

years 

u .9  years 

pn=4 

laboratory  conditions 

11.3  years 
3-lU  years 

1U  years 

2-15  years 
2-4  years 

pn=b.b 

UUT  +  UuE 

39*  remained  after  17  years 
4-3U  years  (mean  of  1U  years)  to 
eliminate  9b%  cf  applied 
3U  year  persistence 
<1  year  for  surface  deposits 
1U+  years  if  incorporated  b-a"  into  soil 
lb  years 

7  hours  (anaerobic  se^aye  sluuge) 


Kiiyemayi  and  Terriere  (1  972) 
Lichtenstein  et^  a_l_.  ( ly 71  > 

Eksteot  (1975/76) 

1'ienzie  (1972) 

Yule  (1973) 

Hart  in  (ISbb) 

Hetcalf  and  Hitts  (1969) 

Nash  and  wool  son  (19b/) 
tdwaras  (196b) 

Dimond  et_  (197U) 

Freed  (i97u) 

Chisholm  and  HacRhee  (1972) 
Jensen  et  al.  (19/2) 
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4.1  DEGRAUATIUN  IU  bOlLb  UNuEk  AEROBIC  CORuITlONS 

Commercial  DOT  consists  of  a  mixture  of  about  84  percent  p,p'-U0T  ana 
lb  percent  o,p'-UUT  ( Lichtenstein  _et  a]_. ,  1971).  The  major  part  of  the 
following  discussion  will  be  in  regaro  to  the  p,p‘-l>uT. 

Many  investigators  have  reported  the  degradation  of  DOT  in  a  variety  of 
soils  and/or  pseudo  soils.  p,p'-l)UT  is  readily  aehydrochlorinated  to 
give  the  major  decomposition  product,  p,p'-UUE  (Baker  ana  npplegate, 
1970;  Castro  and  Yoshioa,  1971;  Lichtenstein  et^  al . ,  1971;  Ruhr  et  al . , 
19/2;  Smith  and  Parr,  1972;  Cliath  and  Spencer,  T57z;  Kiigemagi  and 
Terriere,  1972;  Frank  et_  ^1_. ,  1974a;  ouenzi  and  Bee^a,  197b;  Eksteot, 
197b/ 7u;  uohnsen,  1 9 7 b~)  under  aerobic  concisions.  The  o.p'-DUT  degrades 
to  the  corresponding  o,p'-0L>t  isomer. 

Other  degradation  products  have  also  been  reported.  .UUU  (Kiigemagi  and 
Terriere,  1972;  Frank  et  al . ,  1974a),  DbP  (Kiigemagi  and  Terriere,  1972) 
and  dicofol  (Lichtenstein  et.  a]_. ,  1971;  Kiigemagi  and  Terriere,  1972) 
have  been  detected  in  a  few  instances.  These  derivatives  were  not 
detected  in  the  bulk  of  the  literature.  If  they  were  reported,  usually 
trace  quantities  (Lichtenstein  et_  a]_. ,  1971)  were  measured.  The  work  or 
Ki igemayi  and  Terriere  (19/2),  however,  revealed  relatively  high  levels 
of  UDb  and  dicofol.  Although  dicofol  per  se  had  been  applied,  these 
authors  suggested  its  presence  might  have  been  partially  as  a  result  of 
uUT  degradation  in  orchard  soils. 

Other  reports  (Smith  and  Parr,  1972;  Guenzi  and  Beard,  1976)  have  dis¬ 
cussed  the  effects  of  temperature,  soil  water  and  ph  on  UuT  stability. 
Guenzi  arid  beard  (197c)  reported  that  DOT  degradeo  to  DUE  at  increased 
rates  at  higher  temperatures.  When  OUT  was  mixed  with  Haber  silty  clay 
loam  at  a  rate  of  10  ppm  and  incubated  at  various  temperatures  for 
140  days,  the  following  percentage  conversions  were  detected: 


Temp. , "C 

%  OUT 

%  DDE 

30 

82.1 

6.7 

40 

74.5 

12.5 

50 

53.2 

21.6 

60 

38.3 

34.8 

No  other  OUT  related  chemicals  were  detected.  By  comparing  these  oata  to 
data  generated  using  sterilized  soil,  it  was  reported  that  this  conver¬ 
sion  to  ODE  was  predominantly  a  chemical  process  (84  percent  at  30’  and 
91  percent  at  60")  rather  than  a  biological  process,  kates  of  UOE  form¬ 
ation  in  sterile  soil  containing  1/3  bar  moisture  were  much  h i g her  than 
in  air  dry  soi 1 . 

Smith  and  Parr  (1972)  reported  that  DOT  was  stable  in  soil  treated  with 
anhydrous  ammonia  (pH  >10).  They  further  inoicated  that  the  threshold  pH 
for  dehydrochlorination  of  OUT  to  UuE  in  a  model  system  using  nncrobeads 
was  12. b  with  extensive  conversion  at  13.0. 

Ekstedt  (l97b//6)  reported  a  higner  retention  of  OUT  and  UOE  in  soils  of 
pH  b.0-6.6  than  in  soils  of  lower  pH  (3. 6-5. 3).  The  higher  pH  soils 
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averagea  g4  percent  of  the  original  OUT  applied  17  weexs  after  addition, 
compared  to  7y  percent  OUT  in  the  more  acidic  soils.  The  more  acidic 
soil  possessed  less  ODt  as  well,  boil  type  did  not  appear  to  influence 
these  results. 

Johrisen  (197o)  has  reviewed  tne  suoject  in  depth  arid  the  reader  is 
referred  to  this  article  for  furtner  details. 

4.2  OEGKAUaTION  IN  bOlLS  UNDEK  aNAEKOSIC  CONDITIONS 

The  degradation  of  OUT  under  anaeroDic  conditions  is  wel 1 -documented . 
Prior  to  worn  in  soil  systems  a  number  of  reports  appearing  in  the  late 
lyoO's  (cited  oy  Parr  et  al . ,  1970)  incicated  a  more  rapid  degradation  of 
OUT  in  anaerobic  microbi aT~sys  terns  than  in  aerooic  systems. 

Parr  et  al .  (Iy70)  incuoateo  UuT  in  glucose-fort  if i ea ,  moist  (1/3  bar) 
Crowley  silt  loara  arid  Arch  loamy  fine  sano  eitner  aerobically  in 
CO^-free  air  or  anaerobically  in  Mr,  a,‘d  li^+CO?  (80:20).  uL)T 
degradation  followea  the  order  Ar  >  >  (bO:2U)  > 

CU^-free  air.  The  major  product  of  degradation  was  DOL)  ana  to  a  lesser 
extent  DUE.  While  flooding  of  the  Crowley  soil  provided  an  anaerobic 
environment  it  cnly  led  to  41  percent  OUT  degradation  while  moist  soil 
incubatea  in  Nn  or  A r  resulted  in  9b  percent  degradation.  These 
authors  also  cautioned  against  using  laboratory  aata  as  a  predictor  of 
field  degradation. 

burge  (1971)  demonstrated  that  glucose  or  ground  alfalfa  added  to  soil 
acceleratea  the  anaerobic  disappearance  of  OUT.  This  investigation 
reported  furtner  that  addition  of  a  steam  distillate  from  alfalfa  will 
also  increase  anaerobic  OUT  disappearance.  When  volatile  components  of 
the  steam  distillate  were  compared  with  glucose,  the  following  oroer  of 
effectiveness  was  found:  acetaldehyde  =  i sobutyral denyde  >  ethanol  > 
glucose  >>  methanol.  The  anaerobic  disappearance  of  UuT  was  inhibitea  by 
autoclaving  tne  soil  but  could  be  re-establ isheo  by  innoculating  the 
autoclaved  soil  with  viable  soil.  OUT  was  converted  to  DUO  although 
considerable  uul  disappeared  from  the  system  ana  could  not  be  accountea 
for.  Burqe  (1971)  indicated  tnat  neitner  ODD  nor  DUE  were  lost  from  his 
experimental  system  and  thus  DOT  must  be  disappearing  by  some  other 
mecnani sm. 

Castro  and  Yoshida  (19/1)  reported  the  degradation  of  DDT  in  Philippine 
soils.  They  comparea  aerobic  and  anaerobic  conditions  in  several  soil 
types,  botn  UUT  and  UUU  were  degraded  much  more  rapidly  unoer  floodeo 
(anaerobic)  conaitioris  than  under  aerobic  conditions  ana  in  soils  with 
nigh  organic  matter  content.  000  accumulated  in  flooded  soils  and  no 
other  OUT  related  components  were  detected.  The  authors  stated  that  Uui) 
was  more  stable  than  OUT  under  tnese  conditions  but  tnat  after  6  months, 
even  the  OUu  residue  had  declined  substantially.  Castro  and  Yoshida 
(1971)  pointed  out,  after  comparing  sterilized  and  non-steri 1 i zed  soils 
that  losses  through  volati 1 ization  are  small  when  compared  to  losses 
through  microbial  degradation. 
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Smith  and  Parr  (19/2)  described  the  chemical  stability  of  UuU  under 
selected  alkaline  conditions.  UUU  remained  stable  for  extendea  periods 
ot  time  at  ph=lO  out  it  was  rapidly  converted  to  Dun  at  pH=l3  and  then 
disappeared  with  time. 

Parr  and  Smith  (1974)  reported  the  relatively  slow  degradation  of  UuT 
under  moist  anaerobic  and  flooded  anaeroDic  conditions  in  an  Everglades 
muck  soil  amended  with  alfalfa  meal.  UUT  degradation  was  increased  in 
the  flooded  anaerobic  environment  subjected  to  continuous  stirring.  The 
authors  suggested  that  the  lactc  of  substantial  degradation  might  be  the 
result  of:  (i)  the  adsorption  of  UU1  so  that  it  was  unavailable  for 
microbial  or  chemical  degradation;  and/or  (2)  tne  lack  of  organisms 
capable  ot  degrading  UuT. 

Castro  and  Yoshida  (1974)  reported  that  both  organic  matter  and  the 
nature  ot  its  constituents  influence  the  anaerobic  biodegradation  of  UuT 
to  UUU.  They  demonstrated  that  the  process  was  microbial  rather  than 
chemical  and  that  degradation  was  stimulated  by  the  addition  of  several 
organic  matter  amendments.  The  kind  of  organic  matter  was  only  important 
to  degradation  in  certain  soil  types  ana  not  in  all. 

Guenzi  and  Beard  (I97ba)  incubated  Raber  silt  loam  contaminated  with 
10  ppm  UUT  under  anaerobic  conditions  at  various  temperatures.  Results 
after  7  days  of  incubation  are  summarized  below: 


Temp. 

%  UUT 

%  UDU 

%  UDE 

30 

80.0 

12.34 

0.8 

4U 

63.6 

19.5 

2.1 

5U 

44.2 

38.8 

3.4 

60 

9.8 

43.6 

4.1 

The  anaerobic  degradation  pathway  was  DUT  DUU  DUMU.  Only  minor 
amounts  of  UuE  were  formed  and  they  remained  stable  throughout  the 
study. 

4.3  DEGRADATION  BY  SEWAGE  SLUDGE 

In  late  1972  a  previously  unreported  metabolite  of  DUT  was  reported  by 
two  research  groups  (Albone  et_  ak ,  1972a;  Jensen  et  aK ,  1972).  Both 
groups  incubated  DUT  in  biologically  active  anaeroFfc  sewage  sludge.  In 
addition  to  detecting  ODD,  UBP,  OUMU,  the  formation  of  UUUY  was  con¬ 
firmed.  Neither  group  could  speculate  on  whether  the  mechanism  ot 
formation  was  chemical  or  biological. 

4.4  UEGRaUmTIUN  IN  SEDIMENTS 

Albone  etal_.  (19/2)  evaluated  the  fate  of  DUT  in  Severn  River  Estuary 
sediments.  In  situ  sediments  having  a  temperature  range  of  5-25’C  caused 
less  UUT  degradation  than  did  incubating  the  same  sediment  under  water  in 
the  laboratory  at  25'C.  The  same  degradation  products,  mainly  UUU,  were 
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detected  in  noth  systems.  These  authors  reported  evidence  that  another 
metabolite,  DUa,  was  present  but  were  unable  to  confirm  its  presence. 

4.5  DEGRADATION  bY  SPECIFIC  MICROBIAL  POPULATIONS 

The  metabolism  of  DDT  by  microorganisms  has  been  investigated  by  a  number 
of  r  searchers.  Patil  et.  _al_. ,  (1970)  reported  that  20  microbial  cultures 
whicn  had  been  shown  to' degrade  dieldrin  were  also  able  to  degrade  DDT. 
Tnese  organisms  were  incubated  in  stationary  test  tubes  at.  30*C  for  30 
days.  Ten  of  the  bacterial  isolates  degraded  DDT  to  a  dicofol-1 ike 
compound;  14  of  the  isolates  degraded  DDT  to  DDA  ana  possibly  other 
acidic  materials.  None  of  the  cultures  produced  DDE.  Perhaps  even  more 
surprising  was  the  formation  of  UOu  by  17  of  trie  isolates  all  under 
aerobic  conditions. 

Pfaender  and  Alexander  (1972)  examined  the  ability  of  extracts  of 
Hydrorjenomonas  sp.  cells  to  degrade  DDT.  Cell-free  extracts  (5  mg 
protein/ml )  were  incubated  in  30  ml  of  0.1  M  phosphate  buffer  at  pH  7.0 
for  4  days  at  30’C  under  a  nitrogen  atmosphere.  DDT  was  converted  to  DDD, 
HUMS,  DbP,  and  DuE  under  these  anaerobic  conditions.  p-Chlorophenyl- 
acetic  acio  was  isolated  after  adding  whole  cells  and  oxygen;  this  result 
indicated  phenyl  ring  cleavage.  These  authors  also  demonstrated  that  a 
strain  of  arthrobacter  could  grow  on  p-chlorophenyl acetic  acid  converting 
it  to  p-ch 1 oropneny 1 gl ycoa 1 dehyde .  These  studies  reveal  the  possible 
extensive  degradation  of  DuT  under  the  proper  conditions. 

4.6  DEGRADATION  bY  FUnGI 

The  degradation  of  DDT  by  fungi  has  been  reported  (Anderson  et  jTL ,  197U; 
Focht,  1972).  Anderson  et_  ^1_.  (197U)  isolated  several  fungi  front  an 
agricultural  loam  soil  and  found  that  to ucor  alternans  partially  degraded 
DuT  in  a  period  of  two  to  four  days.  Shake  cuTtureif" of  M.  alternans 
degraded  DuT  into  three  hexane-soluble  and  two  water-soluble  metabolites, 
none  of  which  were  identified  at  the  time.  These  compounds  were  not  DuD, 
DDE,  DDm,  DbP,  of  dicofol,  or  DDMS.  Attempts  to  demonstrate  this  DDT 
degrading  capacity  in  field  soils,  however,  were  fruitless. 

Focht  (1972)  described  the  isolation  of  a  fungus  capable  of  degrading  DDT 
metabolites  to  CO2,  water  and  chloride.  The  isolate  was  a  hyaline 
fioniliceae  fungus.  Incubation  of  this  organism  with  DDm  resulted  in 
growth  of  the  fungus  and  the  oreakdown  of  DDM  to  C0£,  F^U,  and  HC1 . 

It  was  pointed  out  that  the  complete  degradation  of  DDT  occurred  only 
under  nearly  optimal  conditions. 

4.7  DEGRADATIUN  BY  ALGAE 

DDT  degradation  by  algae  has  been  studied  in  both  marine  (Keil  and 
Priester,  1969;  Patil  et  aj_. ,  1972;  Bowes,  1972;  Rice  and  Sikka,  1973) 
and  fresh  water  forms  TfToore  and  Dorwara,  196b;  Miyazak,i  and 
Thorsteinson,  1972;  Neudorf  and  Khan,  1975). 
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orders  of  magnitude  and  ranges.  For  example.  Lake  Michigan  was  reported 
to  contain  1-5  ppt  UL)T  in  the  water  which  resulted  in  predaceous  coho 
salmon  accumulating  UDT  levels  of  5  to  10  ppm  (keinert,  1970).  Factors 
affecting  rates  and  extent  of  biomagnif i cat  ion  are  numerous  and  include: 
water  composition,  temperature,  how  the  organism  is  exposed,  as  well  as 
the  age  and  size  of  the  organism.  Most  of  the  factors  affecting  bio- 
accumulation  also  afreet  toxicity  to  aquatic  organisms  and  are  discussed 
in  more  detail  in  the  next  section. 

Some  examples  of  biomagnif icatiori  in  various  aquatic  organisms  have  been 
reported  by  Sodergren  and  Svensson  (1973),  Johnson  et  al.,  (1971),  Yadav 
et  aj_. ,  (197b),  oedford  and  Zabik  (  1973)  and  Macek  andTorn  (1970).  *n 
extensive  listing  of  bioconcentration  factors  taken  from  tPM's  "ambient 
hater  quality  Criteria"  for  DOT  may  be  found  in  Table  1-6. 

Sodergren  and  Svensson  (1973)  evaluated  the  kinetics  pf  uptake  of  UuT  and 
degradation  in  nymphs  of  the  mayfly  Ephemera  danica.  Using  a  continuous 
flow  system  for  UUT  exposure,  a  maximum  and  constant  UUT  level  in  the 
nympns  was  reached  after  4  to  5  days  exposure.  This  indicates  that  an 
equilibrium  Detween  uptake  ana  excretion  had  been  established.  The  mag¬ 
nification  factor  (ratio  of  DuT  concentration  in  organisms  to  UDT  con¬ 
centration  in  water)  from  4  to  9  days  exposure  was  on  the  order  of 
3xlUj  for  UUT  +  DUE  +  UUU,  and  the  kinetics  of  uptake  appeared  to  fit  a 
first  order  rate  equation.  DUE  was  the  major  UUT  metabolite  found  in 
most  of  the  organisms. 

Biomagnification  and  degradation  of  DuT  in  freshwater  invertebrates  was 
studied  by  Johnson  et_  a_l_.  (1971),  also  using  a  continuous  flow  apparatus. 
Table  1-7  shows  the  organisms  studied  and  the  biomagnif ication  factor 
after  1,  2,  and  3  days  exposure  to  approximately  10U  ppt  UUT  in  the 
water.  Rate  of  uptake  was  very  rapid  with  tne  Cladoceran,  Uaphnia  magna, 
and  the  mosquito  larvae,  Culex  pipiens,  exhibiting  the  greatest  degree  of 
biomagnification  and  having  residue  levels  over  100,000  times  that 
present  in  the  water.  No  maximum  accumulation  level  was  reported  in  any 
species.  Again  trie  major  OUT  metabolite  was  DUE  (see  Table  1-8)  and  in 
the  mayfly  nymph,  Hexagenia  bilineata,  85  percent  of  the  residue  was 
DUE. 

Yadav  et  al_.  (1978)  reported  the  uptake,  degradation  and  excretion  of  DUT 
in  the  freshwater  snail,  Vivipara  hel iciformis.  Aquaria  maintained  under 
static  conditions  were  used  to  expose  snails'  to  three  UUT  concentrations, 
U.UUb,  u.ul  and  0.05  ppm  resulting  in  biomagnification  factors  of  300, 

325  and  7u,  respecti vely.  DUE  and  OuD  were  the  major  metabolites,  with 
slightly  higher  levels  of  UUt  than  UUU  in  the  0.U05  ppm  treated  snails, 
while  Du D  was  the  major  metabolite  in  the  0.01  and  0.05  ppm  treated 
snails.  Snails  from  the  0.05  ppm  aquaria  excreted  94  percent  of  the 
accumulated  UUT  in  9  days  when  transferred  to  "clean"  water.  It  should 
be  noted  here  that  UDT  concentrations  exceeded  the  water  solubility. 

Under  these  conditions  some  of  the  UUT  may  have  precipitated  out  of  solu¬ 
tion  or  would  possibly  be  present  in  suspension.  Although  the  organisms 
would  still  be  exposed  to  UUT  the  conditions  are  not  the  same  as  they 
would  be  if  OUT  were  in  solution. 
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Table  1-6.  bioconcentration  Factors  for  L)L)T  and  Metabolites 


J. 


Urganism 

Bioconcentration 

Factor 

Time 

(days) 

Coontai 1 , 

Ceratophyl lum  demersum 

1,950 

30 

Cladophora, 

Cladophora,  sp. 

21,580 

30 

Uuckweed, 

Lemna  minor 

1,210 

30 

Water  mi lfoi  1 , 
Myriophyllum  sp. 

1,870 

3o 

Curly  leaf  pondweed, 
Potamoqeton  cripus 

14,280 

30 

Narrow-leaf  pondweed, 
Potamoqeton  foliosus 

781 

30 

Sago  pondweed, 

Potamoqeton  pectinatus 

6,360 

30 

Soft  stem  bulrusn, 

Scirpus  validus 

495 

30 

Bur  reed, 

Sparqanium  eurycarpum 

623 

30 

Bladderwort, 

Utricularia  vulgaris 

2,200 

30 

Mussel , 

Anodonta  grandis 

2,400 

21 

Clams  (five  species  composite),  12,500 

Lampsilis  siliquoidea 

Lampsilis  ventricosa 

Lamsmiqona  costata 

Fusconaia  flava 

Liguniia  recta 

56 

Cladoceran, 

Oapnnia  magna 

9,923* 

63,500 

14 

21 

Zooplankton  (mixed), 
liaphnia  sp. 
kerate  ,1a  sp. 


1-19 


Reference 

Eberhardt,  et_  al_.  1971 
Eberharat,  et  ^1_.  1971 
Eberharat,  et^  al_.  1971 
Eberhardt,  et  al_.  1971 
Eberhardt,  et  aj_.  Ip71 
Eberharat,  et  aK  1971 
Eberhardt,  et^  al_.  1971 
tberhardt,  et  jal_.  1971 
Eberhardt,  et  al .  1971 
Eberhardt,  et  ^1_.  1971 
Bedford  and  Z?bik,  1973 
Jarvinen,  et  aj_.  1977 

Priester,  1965 

Hamel  ink  and  Waybrant,  1976 
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Table  1-6.  Bioconcentration  Factors  for  DuT  ana  Metabolites  (Continued,  page  2) 


Organism 

bio?oncentration 

Factor 

Time 

(days) 

Reference 

Freshwater  prawn, 
Palaemonetes  paludosus 

7.0UU 

field 

Kol ipinski  et  al .  1971 

Crayfish, 

Urconectes  punctata 

b.OfaU 

30 

tberharat,  et  al .  1971 

Crayfish, 

Procambarus  alleni 

1,947 

field 

Kolipinski,  et  £l_.  1971 

Mayfly  (nymph), 
tphemera  danica 

4,07b 

5 

Sodergren  and  Svensson, 
1973 

dragonfly  (nymph), 
Tetragoneuria  sp. 

2.7UO 

20 

Wilkes  and  Weiss,  1971 

Bloodworm, 

Tendipes  sp. 

4,750 

30 

Eberhardt,  et  jiK  1971 

Ked  Leech, 

Erpobdella  punctata 

7,b20 

30 

Eberhardt,  et  ajk  1971 

Alewite, 

Alosa  pseudoharerigus 

1,296,666 

f  i  e  1  g 

keinert,  1970 

Lake  nerring, 

Coreqonus  artedi 

2,236,6b6 

field 

Keinert,  1970 

Lake  whitefisti 

Coreqonus  clupeat'ormis 

260,000 

field 

keinert,  19/0 

Bloater, 

Coreqonus  hoyi 

2,870,000 

field 

Reinert,  1970 

kiyi 

Coreqonus  kiyi 

4,426,6oo 

field 

keinert,  1970 

Cisco, 

Coreqonus  sp. 

368,777 

field 

Miles  and  Harris,  1973 

Coho  salmon, 

Oncorhyncnus  kisutch 

i,5o3,571 

field 

Lake  Michigan  Interstate 
Pestic.  Comm.  1972 

Kainbow  trout, 

Salmo  qairaneri  1976 

181,000 

108 

Hamel  ink  and  Waybrant, 
1976 

kainbow  trout. 

11,607 

field 

Miles  and  Harris,  1973 

Salmo  qairdnerl 
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TaDle  I-b.  biocoricentration  Factors  for  DOT  ana  Metabolites  (Continued,  page  3) 


Organism 

Bioconcentration 

Factor 

Time 

(days) 

Reference 

Rainbow  trout, 

Salmo  qairdneri 

38,642 

84 

keinert  and  Bergman,  1974 

Brown  trout, 

Salmo  trutta 

46,357 

field 

Miles  and  Harris,  1973 

Lake  Trout, 

Salvelinus  namaycush 

468,259 

field 

Miles  and  Harris,  1973 

Lake  trout, 

Salvelinus  namaycusii 

1,168,333 

fielo 

Reinert,  1970 

Lake  trout, 

Salvelinus  namaycush 

47,428 

152 

Reinert  and  Stone,  1974 

American  smelt, 

Osmerus  mordax 

70.U00 

field 

Re  inert,  19/0 

Carp, 

Cyprinus  carpio 

64U.U00 

field 

Re  inert,  1970 

Common  shiner  (composite) 
Rotropis  cornutus 
northern  redbelly  dace, 
Chrosomus  eos 

363,000 

40 

Hamel  ink,  et  al_.  1971 

Fatneaa  minnow, 

Pimephales  promelas 

9y,ooo 

226 

Jarvinen,  et  aK  1977 

White  sucker, 

Catostomus  commersoni 

110,000 

field 

Miles  and  Harris,  1973 

White  sucker, 

Catostomus  commersoni 

9b,6b6 

field 

Keinert,  197u 

Trout-perch, 

Percopsis  omiscomaycus 

313,333 

field 

Reinert,  1970 

Flagfish, 

Jordanella  floridiae 

14,62b 

field 

Kolipinski ,  et  _al_.  1971 

Mosquitofisn 

Gambusia  affinis 

21,411 

field 

Kolipinski,  jrt  ^1_.  ly 71 

Rock  bass, 

/Vnoloplites  roestris 

17,500 

field 

Miles  and  Harris,  1973 

Green  sunfish, 

Lepomis  cyanellus 

17,500 

15 

Sanborn,  et  jik  1975 
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TaD  *0.  Freshwater  Fish  Acute  Values  for  OuT  and  '  lites  (Continued,  Page  5) 
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Hummon  (1974)  studied  the  effects  of  DUT  toxicity  on  reproductive  rate  in 
the  freshwater  micrometazoan,  Lepidodermei la  squammata  using  static  con¬ 
ditions.  They  found  the  reproductive  lethality  (ftLt)  at  9b  hours  for  DUT 
to  be  3  ppm.  This  indicates  that  50  percent  of  the  organisms  ceaseo  to 
reproduce  when  exposed  to  3  ppm  UDT  for  96  hours.  Ninety-five  percent 
kLC  occurred  at  9  ppm  (96  hours).  LC50  at  96  hours  was  5  ppm  DuT  ana  the 
LC95  at  9b  hours  was  12  ppm  DUT. 

Rawash  et  al_.  (  1975)  and  Maki  and  Johnson  (19/5)  both  reported  on  the 
toxicity  of  UDT  to  the  microcrustacean,  Daphnia  maqna  Straus.  Maki  and 
Johnson  (1975)  determined  the  LC5U  for  UDT  after  14  days  to  be  0.67  ppb, 
while  50  percent  inhibition  of  reproduction  occurred  at  U.5  ppb.  In 
contrast,  Rawash  et_  al.  (1975)  reported  LC5U  values  of  6.5  ppb  after  24 
nours  of  exposure.  TFe  difference  can  be  explained  by  the  length  of  the 
toxicity  assay  and/or  experimental  conditions. 

Sanoers  and  Cope  (I9b8)  determineo  the  toxicities  of  UDT  ana  several 
other  insecticides  to  three  species  of  stonefly  nymphs,  Pteronarcys 
cal itornica,  Pteronarcel la  badia  ano  Claassenia  sabulosa~  DOT  was  the 
least  toxic  of  the  chlorinated  hydrocarbons  tested"!  The  LCbO's  for  the 
three  species  of  stonefly  nymphs  were  7  ppb,  1.9  ppo  and  3.5  ppb, 
respectively.  They  also  otserved  that  DUT  was  5  to  10  times  more  toxic 
to  smaller  nymphs  than  larger  ones. 

Fredeen  (1972)  studied  the  toxicity  of  technical  and  formulated  UDT  and 
DUU  (TUE)  in  river  dwelling  larvae  of  three  rheophilic  species  of 
Trichoptera,  Hydropsyche  morosa  Hagen,  ]i.  recurvata  Banks,  Brachycentrus 
lateralos  (bay)"!  Tables  f-'ll,  1-12,  and  I-l3  list  specific  LC5U  values 
associated  with  specific  temperatures,  metabolites  and  formulations. 
Uenerally,  technical  DUT  was  more  toxic  than  formulated  OUT.  The  LCbO's 
increased  as  the  size  of  the  larvae  increased;  DDT  was  also  more  toxic  at 
lU*C  than  2U*C. 

Rawash  et  al .  (1975)  determined  the  LC5U  for  the  fourth  instar  mosquito 
larvae,  LuTex  pipiens  L.  The  LC50  was  obtained  from  a  standard  toxicity 
curve  covering  the  range  of  concentration  from  0.0b  ppm  to  2.5  ppm.  The 
point  at  which  50  percent  mortality  occurred  was  approximately  0.36  ppm. 

Klbaugh  (1972)  determined  the  effect  of  insecticide  pre-exposure  on  DUT 
toxicity  to  the  crayfish  Procambarus  acutus  (Uirard).  Crayfish  were  ob¬ 
tained  from  two  areas  in  south  Texas.  Une  area  had  little  insecticide 
use  while  the  other  area  contained  cotton  fields  that  had  been  treated 
with  UUT,  toxaphene,  and  methyl  parathion.  The  pre-exposed  crayfish  were 
mor-*  resistant  to  UU1  than  the  non-exposed  crayfisn  with  LC50‘s  at 
- — _ 4U  hours  of  7.2  ppb  and  3  ppb,  respectively. 

5.3  AQUATIC  VERTEBRATES 

Post  and  Schroeder  (1971)  studied  the  toxicity  of  DUT  fn  four  species  of 
salmonios:  brook  trout  (Salvelinus  fontinalis),  rainbow  trout  (Salmo 
gaircineri i ) ,  cutthroat  trout  (Salmo  clarki)  and  coho  salmon  (Uncorhynchus 
k i  sutch ) .  Toxicity  limits  (TLt’i)  from  24  to  96  hours  exposure  were 
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Table  I - i 1 .  Approximate  Lethal  concentrations  (ppm)  of  DOT  for  Trichoptera 
Larvae  (hydropsyche  morosa  hagen  ana  H.  recurvata  Banks)  in 
water  Circulated  by  Compressed  Air  afll't  and  2T*C.  Montreal, 
5  to  31  August,  1965 


Species 

Temp. 

ro 

Exposure 
(hr)  " 

LC5U 

DOT 

LC90 

H.  morosa 

n 

3j 

61 

_  _  _  _ 

62 

•  •  •  — 

•  — —  — 

21 

3t 

0..09 

0.40 

b1 

0.0b 

0.20 

b2 

0.05 

0.10 

n.  recurvata 

11 

3} 

0.09 

U.3U 

b1 

0.03 

0.09 

62 

0.02 

0.03 

21 

3J 

0.40 

0.40 

61 

0.06 

0.2U 

b2 

0.04 

0.06 

*These  uata  were  calculated  from  counts  of  larvae  made  immediately  after  3 
and  6-hour  exposures  to  test  solutions. 

^These  data  were  calculated  from  counts  of  larvae  made  after  b-hour 
exposure  to  the  test  solution  plus  18  hours  in  fresh  water. 

Source:  Hredeen,  1972. 
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Table  1-15.  Other  Freshwater  Toxicity  Data  for  LHJT  and  Metabolites 


Organism 

Test 

Uurat  ion 

tffect 

Result 
(ug/1 ) 

Claduoeran, 

Oaphnia  maqna 

14  days 

LC50 

0.67 

Cladoceran, 

Oaptini  a  maqna 

14  days 

bGS  imibi tion  of  to¬ 
tal  young  produced 

G.5U 

Scud, 

banmarus  fasciatus 

120  hours 

LC50 

0.6 

blass  shrirrp, 

Palaenonetes  kadiakensis 

Jb  hours 

LC50 

4.5 

blass  shrimp, 

Palaercnetes  kadiakensis 

120  hours 

LC50 

1.3 

btonefly  (naiad), 
/croneuria  pacifica 

30  days 

LC50 

72 

Stonefly  (naiad), 
Pteronancys  California 

30  days 

LtbO 

2bb 

Planariun, 

Pol>celis  felina 

24  days 

Asexual  fission 
inhibition 

250 

Ccho  salmon, 
ueorhynchus  kisuten 

— 

Reduced  fry  survival 

1.09  mg/kg 
in  eggs 

Ccho  salmon  (juvenile), 
(hcorhynchus  kisutch 

7  days 

Increased  cough 
frequency 

5 

Ccho  salmon, 

Oncorhyxhus  kisuten 

125  days 

Estimated  median  sur¬ 
vival  time— 160  days 

1.27  mg/kg 
in  food 

Cuttnroat  trout, 

Salmo  clarki 

— 

Reduced  sec  fry 
survival 

>0.4  mg/kg 
in  eggs 

Kainbow  trout, 

Salmo  qairdneri 

24  hours 

Chcontrol  led  reflex 
reaction 

100 

Kainbow  trout, 

Salmo  gaironeri 

5  hours 

Cough  response 
thresnold 

52-140 

Reference 

Maki  and  Johnson,  197b 

Maki  ano  Johnson,  1975 

banders,  1972 

Ferguson,  et  ai.  1965b 

Sarders,  1972 

Jensen  and  baut'in,  19b4 

Jensen  and  baufin,  l9t>4 

Kouyounjian  and  Uglow, 
1974 

Johnson  and  Pecor,  1%9 
bchauiburg,  1967 
Bihler  and  Shanks,  1972 
Cuerrier,  et  al .  19b7 
Raters  and  Weber,  1977 
Lunn,  et  al.  197t> 
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Table  1-15.  Otter  Fresnwater  Toxicity  Data  for  DOT  and  Metabolites  (Continued,  page  2) 


Organism 

Test 

OU'-'tion 

Effect 

Result 

lug/1 ) 

Reference 

Rainbow  trout, 

Salmo  gairxjneri 

--- 

Keduceo  sac  fry 
survival 

>0.4  mgAg 
in  eggs 

Cierrier,  et_  al.  I9b7 

Mtl antic  salmcn 
(gastrulae), 

Salno  salar 

30  aays 

Retarded  Dehavioral 

development  and  impaired 
balance  of  alevins 

5u 

Dill  and  Saunders,  1974 

Atlantic  salmon, 

Mirra  salar 

icA  fours 

Altereo  temperature 
selection 

5 

Ogi 1  vie  and  Anderson, 

15b5 

Atlantic  salmon, 

5almo  salar 

24  hOLTS 

Altered  temperature 
selection  for  1  mo. 

50 

Ugilvie  and  killer,  1976 

Atlantic  salmon, 

Salmo  salar 

24  hours 

Altered  temperature 
selection 

10 

Peterson,  1973 

Brook  trout, 

Salvelinus  fontinalis 

24  hours 

Lateral  line  nerve 
hypersensitivity 

100 

Anderson,  1966 

Brock  trout, 

Salvelinus  fontinalis 

24  hours 

Visual  conditioned 
avoidance  imibition 

20 

Anderson  and  Peterson, 
1969 

Brook  trout, 

Salvelinus  fontinalis 

— - 

Reduced  sac  fry 
survival 

>0.4  mg/kg 
in  eggs 

Cuerrier,  et  al.,  1967 

Brook  trout, 

Salvelinus  fontinalis 

24  hours 

Altered  temperature 
selection 

20 

Oa.’dner,  1973 

Brook  trout, 

Salvelinus  fontinalis 

156  days 

Slight  reduction  in 
sac  try  survival 

2  mg/kg 
iri  food 

Macek,  I9t>8 

Brook  trout, 

Salvelinus  fontinalis 

24  hours 

Altered  temperature 
selection 

10 

Miller  and  Ugilvie,  1975 

Brook  trout, 

Salvelinus  fontinalis 

24  hours 

Altered  temperature 
selection 

100 

Peterson,  1973 

Lake  trout  (fry), 
Salvelinus  namayccsh 

— 

Reduc'd  survival 

2.9  mg/kg 
in  fry 

birdick,  et  al .  iy64 

Goldfish, 

Car ssi us  auratus 

2.5  hours 

Loss  of  balance  and 
decreased  spontaneous 

1,000 

Aubin  and  John sen,  1969 

electrical  cttivity  of 
the  cerebellum 
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thinner  shells  than  controls.  When  UUt  treatment  was  discontinued,  the 
treated  oirds  laid  eggs  which  were  still  thinner  than  controls.  Alter 
11  months,  treated  oirds  laid  eggs  witn  shells  averaging  7.4  percent 
thinner  than  controls. 

kesults  of  similar  feeding  studies  in  screech  owls  (McLane  and  hall, 

1972)  were  comparable.  After  two  breeding  seasons  with  diets  containing 
1(J  ppm  DDE,  treated  birds  laid  eggs  with  shells  that  were  13  percent 
thinner  tfan  untreated  birds.  Longcore  et  aj_.  (1971a)  also  reported  on 
the  effect  of  UUt  on  the  eggshell  composition,  clack  ducks  were  fed 
diets  containing  l(j  ppm  and  30  ppm  DUE  and  mallaros  were  fee  diets 
witn  1,  b,  and  10  ppm  DUE .  Eggshells  had  increases  in  the  percentages  of 
magnesium,  sodium,  copper  and,  decreases  in  Darium,  strontium  and 
calcium. 

Thin  eggsnells  contribute  to  cracking  and  reduced  reproductive  success, 
but  other  effects  are  also  noted  when  UDT  is  present  in  the  diets  of 
birds.  Porter  and  Wiemeyer  (196y)  fed  captive  sparrow  hawks  a  diet  con¬ 
taining  dieldrin  and  OUT.  The  major  effects  on  reproduction  were  in¬ 
creased  egg  disappearance  (by  breakage  and  eating  of  the  young  by 
parents),  increased  egg  destruction  by  the  parents,  ana  reduced  eggshell 
thickness  (8-10  percent  thinner),  similarly,  the  feeding  of  DUE  to 
mallards  at  levels  of  10  ppm  and  40  ppm  resulted  in  eggshell  thinning 
(13  percent)  and  cracking  (25  percent)  as  well  as  marked  increases  in 
mortality  (3b  percent)  (Heath  et_  _al_.  I9b9).  UUU  and  UUT  also  impaired 
reproduction,  but  less  severely  than  DDE . 

Quail  fed  diets  of  UuT  produced  fewer  eggs  and  eggs  with  thinner  shells 
(btickel  and  Rhodes,  1970).  Hatchabi 1 ity,  however,  was  not  signif icantly 
altered. 

In  field  tests,  UuT  was  applied  in  oil  at  2  lDS/acre  over  a  four-year 
interval  on  bottomland  forest  (Robbins  et_  ai  .  19bl).  by  the  fifth 
spring,  there  was  a  26  percent  decrease  in“5reeding  biro  populations. 

Over  tiie  four  year  period,  the  rtnerican  redstart,  parula  warbler  and  red¬ 
eyed  vireo  suffered  decreases  of  44  percent,  4u  percent,  and  28  percent, 
respectively. 

Qallinacious  species  seem  to  be  most  resistant  to  most  environmental  pol¬ 
lutants  and  raptor  species  the  most  susceptible  (Cooke,  1973).  In  North 
America  and  Britain  shell  thinning  is  directly  associated  with  population 
decreases  of  raptor  species. 

In  .-1 2  classic  paper,  Anderson  and  Hickey  (  1972)  studied  over  2000  eggs  of 
11  species  in  14  geographic  areas.  They  found  the  following  results: 

1)  An  apparent  decrease  in  the  golden  eagle  population  in  tne 
Western  North  America  since  the  189u's. 

2)  Eggshell  changes  to  be  rare  before  1939  and  quite  common  for 
sometime  thereafter.  This  coincides  with  the  advent  and 
widespread  use  of  OUT  as  an  insecticide. 
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3)  Shel 1-tninning  had  not  occurred  in  9  of  25  species.  Others 
showed  varying  decreases  in  shell  thickness. 

4)  Shell  weights  decreased  by  20  percent  or  more. 

5)  Nearly  8  species  had  regional  declines  in  population  and  in  some 
cases  the  decline  seemed  to  be  continuing. 

Hulbert  ( 197 5 )  discusseo  avian  predator  dependent  species  and  noted  that 
evidence  has  accumulated  relating  organochlorine  insecticides  to 
reproductive  failures  and  population  declines.  Among  those  species  cited 
were  the  kestrel,  peregrine,  osprey,  golden  eagle,  red  shouldered  hawk. 
Cooper's  hawk,  brown  pelican  and  the  black-crowned  night  heron. 

Many  researchers  have  attempted  to  determine  the  cause  of  eggshell 
thinniny.  The  work  of  Kolaja  and  Hinton  (1977)  is  illustrative.  It  was 
demonstrated  that  eggshell  tninning  in  mallard  ducks  could  be  correlated 
witn  a  3b  percent  reduction  in  ATPase  activity  in  tne  microsomal  fraction 
of  eggshell  gland  epithelium.  Since  this  Ca-aTPase  is  associated  with  Ca 
transport,  it  was  suggested  that  this  inhibition  may  be  responsible  for 
thin  eggsnells.  In  an  earlier  paper,  Kolaja  and  Hinton  (1976)  had  noted 
that  PUT  induceo  shell  thinning  was  accompanied  by  histopathologic 
alterations  in  the  shell  gland  of  mallard  ducks.  Table  1-16  presents  a 
summary  listing  of  toxic  effects  of  DDT  on  various  bird  species. 

5.5  MAMMALS 

The  data  on  toxicity  to  various  mammalian  species  is  limited.  Aquatic 
mammals  throughout  the  world  accumulate  substantial  concentrations  of 
many  different  organochlorine  pesticides  (Stickel,  1973).  Clark  and 
Prouty  (1977)  fed  lbb  ppm  DDE  in  mealworm  bait  to  female  big  brown  oats 
for  54  days.  Thereafter,  b  were  frozen,  and  16  were  starved  to  death. 

DDE  increased  in  the  brains  of  starving  bats;  however,  tremors  and/or 
convulsions,  characteristic  of  neurotoxicity  were  not  observed.  The 
brain  DDE  levels  reached  132  ppm. 

5.6  ALGaE  AND  FUNGI 

Four  species  of  freshwater  algae  have  been  reported  as  sensitive  to  DDT. 
uUT  levels  ranged  from  800  uy/1  to  0.3  ug/1  and  effects  included  altera¬ 
tions  to  growth  morphology  and  photosynthesis.  These  data  are  summarized 
in  Table  1-17. 

Hookinson  and  Dalton  (1973)  evaluated  the  effect  of  DDT  on  the  growth  or 
a  variety  of  river  fungi  at  two  incubation  temperatures.  Generally,  the 
growth  rates  for  the  twelve  fungal  species  were  enhanced  when  DDT  was 
added  (up  to  60  ppm)  to  the  medium.  Kesults  presented  in  Table  1-18  do 
not  indicate  that  a  toxic  level  was  reached. 

6.0  EPA  mMBIENT  WATER  QUALITY  CKlTERIA  FUR  DDT 

tPa  has  proposed  ambient  water  quality  criteria  for  DDTK  using  guidelines 
developed  earlier  (EPA,  1979;  EPA,  1978). 


1-59 


REVISED  APRIL  1984 


accordance  with  this  section  ot  the  Act,  such  food  is  considered 
by  FDh  to  be  actionable  when: 

1)  tne  pesticide  residue  level  exceeds  an  established  toler¬ 
ance  or  is  at  or  above  an  established  action  level;  or 

2)  there  is  evidence  clearly  demons tr at inq  that  a  pesticide 
residue  is  present  due  to  misuse,  regardless  of  whetner 
there  exists  a  tolerance  or  action  level. 

The  FUh  guidelines  manual  (FUh,  1978)  g.ves  the  rol lowing  general 
criteria  ror  sampling  and  analytical  work  to  support  recommendations  tor 
action  at  the  district  level: 

The  following  criteria,  unless  exceptions  are  specified  in  the 
other  criteria,  are  to  be  met  for  all  district  recommendations: 

1)  The  sample  collected  was  representati ve  of  the  shipment  in 
accordance  with  the  sampling  instructions  contained  in 
Section  443  ot  the  Inspectors  Operations  Manual;  and 

2)  '’'tie  exact  portion  of  food  prepared  for  analysis  is  specified  by 
the  analyst  a  :d  was  in  accordance  with  40  Ok  180. l(j)  or  if 
not  appropriate,  in  accordance  with  Pesticide  Analytical  Manual 
(PhM)  Volume  I,  Section  l4l;  and 

3)  \n  original  and  check  analysis  on  the  quantity  of  residue  was 
performed  and  the  results  obtained  from  each  are  in  reasonably 
close  agreement  (Note:  it  is  not  practical  to  be  more  precise 
in  stating  what  constitutes  "reasonably  close  agreement" 
oecause  this  will  vary  according  to  pesticide,  type  of  food, 
analytical  method  and  residue  level.  Tnerefore,  it  becomes  a 
judgement  decision  that  has  to  be  made  on  a  case-by-case 
basis.);  and 

4)  The  identity  and  quantity  of  the  residue  in  either  the  oriqinal 
or  check  analysis  sample  was  confirmed  by  an  appropriate 
method;  and 

b )  The  analytical  methods  used  for  the  original  and  check  analyses 
are  contained  in  the  PAM,  Volume  I  or  1 1  or  the  AUAC  book  of 
Methods  or  are  otherwise  considered  by  DRG  to  be  suitable  for 
FDA  regulatory  purposes;  and 

6)  The  district  is  satisfied  that  the  analytical  work  supports  the 
reported  residue  findings  of  the  laboratory  and  is  adequate  to 
sustain  scrutiny  in  a  court  of  law. 

In  FDh,  19/9,  the  regulations  are  further  explained  as  follows: 

Action  levels  for  poisonous  or  deleterious  substances  are 
established  by  the  Food  and  Drug  Administration  (FDA)  to 
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control  levels  of  contaminants  in  human  fooa  and  animal  feed. 

The  action  levels  are  established  and  revised  accoraing  to 
criteria  specified  in  Title  21,  Code  of  Federal  kegulations, 

Parts  109  and  509  and  are  revoked  when  a  regulation  estaD Visti- 
ing  a  tolerance  for  the  same  substance  and  use  become  effective. 

Action  levels  and  tolerances  represent  limits  at  or  aDove  which 
KOA  will  taxe  legal  action  to  remove  adulterated  products  from 
the  market.  Where  no  established  action  level  or  tolerance 
exists,  FIM  may  take  legal  action  against  the  product  at  the 
minimal  detectable  level  of  the  contaminant. 

Action  levels  and  tolerance  are  established  based  on  the  unavoia- 
ability  of  tne  poisonous  or  deleterious  substance  and  do  not  re¬ 
present  permissible  levels  of  contamination  where  it  is  avoid¬ 
able. 

The  "Action  Level"  defined  for  UUTK  in  fish  is  5.0  ppm.  UOTk  is  defined 
as  the  sum  of  Ul»T,  DuE,  and  ODD  except  "oo  not  count  any  of  the  tnree 
found  below  0.2  ppm"  (FDA,  1978). 
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flow  in  the  discharge  line  (Stribling,  198U).  Flow  monitoring  ana  con¬ 
trol  for  all  boosters  could  be  performed  at  a  single  location  with  this 
type  of  system.  The  14- i rich  Hilicott  boosters  upon  which  dredging  costs 
are  based  have  a  discharge  ranje  of  approximately  bOUO  feet  when  pumping 
at  a  rate  of  4Uu  cubic  yards  solids  per  hour.  Costing  for  tne  dredging 
project  includes  the  outright  purchase  of  twelve,  14-inch  electric 
boosters  (1  spare  included),  as  no  dredging  contractor  would  have  this 
equipment  capability.  Boosters  would  be  skid-mounted  and  set  up  along 
the  access  roads  approximately  1.1  miles  apart.  A  temporary  power  line 
carrying  primary  voltage  (43  kv)  would  be  required  along  the  access  road 
to  provide  power  for  the  boosters.  A  transformer  at  each  booster  would 
be  required  to  step  the  voltage  down  to  the  4,ibU  volts  required  for  the 
boosters.  Spacing  power  poles  at  17b  foot  intervals  and  installing 
conventional  street  lights  on  each  would  provide  adequate  lighting  along 
the  access  road  for  evening  shift  work  and  pipeline  inspection. 

The  dredge  discharge  line  should  be  a  polyethylene  pipe  of  14  inch  inside 
diameter,  such  as  the  Phillips  Uriscopipe.  This  pipe  typically  comes  in 
3a  foot  sections  which  can  be  fused  together  by  a  thermal  pressure  system 
leased  from  the  manufacturer,  forming  a  permanent  joint  stronger  than  tne 
pipe  itself  (Hoover,  1980).  Mechanical  joints  can  also  be  used  where 
pipe  breakdown  is  required  by  fusing  flanges  onto  the  pipe  enas.  Perman¬ 
ently  fusing  tnree,  38  foot  sections  together  and  using  flange  joints 
between  the  resulting  114  foot  lengths  would  minimize  the  possibility  of 
leakage  at  mechanical  joints,  while  maintaining  a  reasonable  length  of 
pipe  to  work  with  and  allowing  breakdown  of  tne  pipe  in  the  event  of 
clogging.  In  addition  to  permanent  jointing,  other  advantages  of  poly¬ 
ethylene  pipe  are  lightness,  flexibility  (can  bend  over  and  around  land 
forms),  and  positive  flotation  (buoyant  even  when  filled  with  water). 
Operating  flotation  tor  the  pipe  is  provided  by  three,  19  foot  by  10  inch 
diameter  floats  per  100  feet  of  discharge  line,  allowing  for  an 
overloaded  condition  of  65  percent  solids  by  weight  (Hoover,  i960). 

Unconventional  systems  should  be  considered  for  positioning  the  dredge. 
Advantages  may  be  gained  both  in  turbidity  reduction  and  production  rate. 
Toe  conventional  stepping  metnod  of  swinging  alternately  on  port  and 
starboard  spuds  makes  a  zig-zag  cut  along  the  bottom,  with  tne  cutterhead 
passing  over  some  areas  twice  and  leaving  "windrows"  of  material  between 
cuts  near  the  outer  edges  of  the  swing  (Barnard,  1978).  Aside  from  low¬ 
ering  dredge  production,  contaminated  material  may  be  left  in  the  win¬ 
drows  where  it  would  be  subject  to  scour  and  transport  downstream.  Modi¬ 
fications  of  the  conventional  stepping  method  have  been  developed  to 
allow  the  dredge  to  swing  in  successive  concentric  arcs,  eliminating 
windrows  and  excessive  duplicate  coverage.  Among  these  are  the  spud 
carriage  system  and  the  Wagger  system  (Barnard,  1978). 

The  conventional  approach  to  channel  dredging  is  to  take  level  cuts, 
bince  the  channel  profiles  in  HSB  and  IC  are  irregular,  it  wou’d  be 
advantageous  to  follow  the  channel  contour  while  dredging,  as  only  the 
top  3  feet  of  sediment  is  to  be  removed.  This  would  result  in  higher 
production,  as  multiple  swings  in  the  same  position  would  not  be 
necessary,  and  the  total  volume  of  sediment  dredged  would  be  considerably 
reduced.  Electronic  equipment  is  available  which  would  allow  the  dredge 
operator  to  follow  the  bottom  contou-.  Motorola’s  Position  Determining 
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System  Division,  Scottsdale,  A/,  has  indicated  that  production  of  sucn  a 
unit  is  entirely  within  their  capabi 1 ities,  though  it  is  not  presently  in 
production  (Sanders,  1S80).  The  unit  would  consist  of  two  denth  sounoers 
mountea  on  a  small  boom  in  front  of  the  dredge,  one  reaoing  the  depth  of 
tne  dredge  head,  and  the  otner  reaoing  the  bottom  depth  ahead  of  the  cut. 
A  processer  would  take  readings  from  the  two  uepth  sounoers  and  output  it 
on  a  visual  display  showing  the  position  ot  tne  dredge  head  with  respect 
to  the  bottom.  Production  of  the  unit  would  require  approximately  jU  to 
120  days. 

An  alternative  co  the  electronic  sounding  system  would  be  to  survey  the 
cnanriel  bottom  ana  place  grade  stokes  where  necessary  to  determine  the 
aepth  of  cut.  The  dredge  ladder  must  De  equippea  with  art  inclinometer 
which  converts  tne  ladder  angle  to  depth  of  the  dredge  neaa  below  the 
surface,  bince  this  method  is  expected  to  be  more  time  consuming,  less 
accurate,  ana  equally  or  more  costly;  the  electronic  sounding  system  is 
preferred . 

Design  ana  costing  of  t he  dredging  alternative  is  based  on  8-10  hour  wor< 
shifts,  5  days  per  week.  Intermittant  operation  such  as  this  is  not 
desirable  from  a  proauction  standpoint  but  cannot  be  avoiaed  due  to 
unavoidable  conflicts  with  lest  ana  tvaluation  Directorate  (T  and  tD) 
operations  on  Test  kange  1  during  normal  working  hours.  If  a  24-hour 
operation  were  possible,  costs  for  treatment  of  return  water  would 
increase  oy  a  factor  of  2.5,  resulting  in  a  cost  increase  of  approxi¬ 
mately  17  million  dollars,  tven  if  a  24-iiour  dreaginy  were  possible,  it 
is  doubtful  tnat  the  increased  production  efficiency  would  offset  the 
increased  treatment  costs. 

Active  dredging  in  HSB  and  IC  should  oe  terminated  when  flow  rises  signi¬ 
ficantly  above  base  flow.  The  point  at  which  sediment  (and  DuTk)  trans¬ 
port  becomes  excessive  would  be  determined  by  turDidity  monitoring  down¬ 
stream  from  the  dredge  (see  section  3.6). 

3. 4.6  Uverbank  Kemoval 

The  critical  overbank  area  indicated  in  Figure  1 1 1 - 7  consists  of  approxi¬ 
mately  2b  acres  ana  contains  an  estimated  28  percent  of  the  total  DUTk  in 
the  hbB-IC  system,  its  removal  will  require  excavation  and  disposal  of 
121, 6(JU  cubic  yards  of  sediment.  The  non-critical  overDank  areas  of 
keach  A  contain  approximately  1.1  percent  of  the  total  DOTH  in  tne  hSB-lC 
system.  In  order  to  remove  this  1.1  percent,  approximately  235  acres  of 
overbank  will  nave  to  be  cleared  ana  grubbed,  and  l,13b,80U  cudic  yards 
ot  sediment  will  have  to  be  excavated.  This  volume  is  nearly  equal  to 
that  involved  in  Dredging  Plan  III. 

Hemoval  of  the  overbank  sediments  will  require  clearing  all  vegetation 
and  grubbing  all  root  systems  in  the  overbank  areas  indicated  on 
Figure  1 1 1 -7 .  Disposal  ot  cleared  .ncontarninated  timber  ana  debris  will 
be  provided  by  the  contractor  hirec.  for  clearing,  kemoval  of  the  contam¬ 
inated  sediments  to  a  depth  of  3  feet  can  be  accomplished  simultaneously 
w , tn  grubbing  by  a  small  dragline,  operating  on  mats  if  necessary,  koot 
material  will  be  disposed  of  in  a  landfill  adjacent  to  the  ToMDA 
(F.gure  Iil-b).  Seoiments  from  the  critical  overDank  area  will  Pe 
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nearing  may  be  neld  prior  to  preparation  of  a  final  tlS.  If  the  conven¬ 
tional  Lib  process  is  expected  to  result  in  excessive  delay  of  the  pro¬ 
ject,  an  abbreviated  NEPa  tiling  procedure  is  allowed  for  in  the  LEQ 
guidelines  on  tlS  preparation. 

6.4  Hbii  rtNU  WILDLIFE  COORD  I  NAT  I  UN  ACT  UF  1934 

Under  the  Fish  ana  Wildlife  Coordination  Act,  any  federal  agency  pro¬ 
posing  to  control  or  modify  a  body  of  water  must  first  consult  with  the 
U.S.  Fisn  and  Wildlife  Service,  the  National  Marine  Fisheries  Service  (if 
appropriate),  and  the  appropriate  state  agency  with  administrative  con¬ 
trol  over  wildlife  resources  in  the  project  area. 

6.5  RESOURCES  CUNStkVATlON  mNU  KtCUVEkY  ALT  I'F  197b  (PL  94-560) 

The  Resources  Conservation  and  kecovery  Met  ( KCRm )  provioes  funding  ano 
technical  assistance  for  developing  plans  and  facilities  to  recover 
resources  from  waste  materials,  ana  tor  regulation  ana  "cradle  to  grave" 
management  of  hazardous  wastes.  Regulations  set  forth  by  KCKM  (mu  CFk 
Parts  z!bU-^bb )  appear  in  Volume  Mb,  No.  96  of  tne  Federal  Register 
(May  19,  I960).  Additional  proposed  regulations  appear  as  4u  CFk 
Part  ZbU  in  the  Federal  Register  (43  i-k  5694b,  uecember  16,  1976). 

Part  zbl  of  RCRa  discusses  ident if icatiori  and  listing  of  hazardous 
wastes.  Two  mechanisms  are  established  for  determining  whether  a  parti¬ 
cular  waste  is  classified  as  nazardous;  one,  a  set  of  characteristics  of 
hazardous  wastes,  the  other  a  specific  list  f  hazardous  wastes.  Contam¬ 
inated  sediments  from  MSB  and  IC  are  not  included  under  Subpart  C  of 
kart  ^bl,  Cnaracterist ics  of  Hazardous  Wastes.  SaDpart  u,  Lists  of 
hazardous  Wastes,  is  open  to  interpretation  as  to  whether  or  not  sedi¬ 
ments  dredgea  from  HSb  and  Ic  would  be  incluued.  The  RCP.h  regulations  do 
not  specifically  address  the  disposal  of  dredged  material  or  other  nigh 
volume  wastes,  originally  proposed  to  be  classified  and  regulateo  as 
"special  wastes"  because  of  their  bulk.  In  the  f  .’ent  that  the  oreoged 
sediments  are  reguireo  to  be  regulated  under  kCRm,  compliance  with  the 
following  parts  of  the  regulations  will  have  to  be  acoressed. 

Part  2bk!  pertains  to  standards  applicable  to  generators  of  hazardous 
waste.  Most  notable  in  this  subpart  are  tne  items  requiring  snipping 
manifests  for  transportation  of  hazardous  wastes  and  various  identifica¬ 
tion  codes,  container  requirements,  and  labeling  practices.  Little,  if 
any,  of  Part  2bZ  appears  relevant  to  on-site  handling  of  DuTK-contamin- 
ated  sediments. 

Standards  applicable  to  transporters  of  nazaraous  waste  appear  in 
Part  3b3.  These  regulations  are  consistent  with  DuT’s  regulations  on 
transportation  of  hazaroous  waste  under  tne  Hazaroous  materials  Transpor¬ 
tation  Act  (Title  m9,  Subchapter  C),  discussed  in  Section  6.7. 

Standards  Applicable  to  Owners  and  Operators  of  Hazardous  Waste  Treat¬ 
ment,  Storage,  ano  Disposal  Facilities  are  oelineateo  in  Part  <)bM. 

Interim  status  standards  appear  in  Part  i?bb.  The  Handling  and  disposal 
of  dredgea  contaminated  sediments  associateo  witn  the  proposed 
alternatives  is  in  general  compliance  with  these  preliminary  Phase  I 
regulations.  Additional  regulations  under  these  parts  will  be 
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promulgated  in  late  1980.  If  the  additional  regulations  are  consistent 
with  proposed  regulations  (published  in  the  Federal  Register, 

43  FR  58946,  Uecember  18,  1978),  disposal  plans  associated  with  the 
alternatives  should  be  in  general  compliance;  with  the  exception  of  the 
following  two  proposed  standards: 

1)  A  facility  shall  not  be  located  in  the  500-year  floodplain 
[Item  25U.43-l(d)  _j,  and 

2)  Landfills  must  have  a  liner  system  as  described  in 
Item  250 -45-2(b) (13> . 

The  conditions  which  assure  the  environmental  acceptabi 1 ity  of  the 
proposed  disposal  plans  without  meeting  these  two  standards  are  discussed 
in  Section  2.0  of  this  Appendix. 

8.6  HaZakUOUS  MATERIALS  TRANSPORTATION  ACT  OF  1974 

The  Hazardous  Materials  Transportation  Act  (HMTa)  was  developed  by  the 
O.S.  department  of  Transportation  to  regulate  transportation  of  hazardous 
materials.  Though  OUT  is  listed  in  these  regulations  as  a  hazardous 
material  (Section  172.101),  no  reference  is  made  to  bulk  sediments  or 
dredged  material  contaminated  with  DuT.  UDT  is  classified  as  an  ORM-A 
waste.  Wastes  in  this  c1 assif ication  do  not  require  shipping  papers  for 
transportation  (Section  172.200).  Specific  items  relating  to  the 
transport  of  OUT  wastes  under  Section  172.101  are  that  no  labelling  is 
required  and  there  is  no  limit  on  the  net  quantity  of  material 
transported  in  one  package.  Interpretation  of  the  regulations  indicate 
that  if  the  contaminated  sediments  are  to  be  transported,  hauling  in 
covered  dump  trucks  with  sealed  tailgates  will  be  within  these 
regulations.  The  Federal  Highway  Administration  is  responsible  for 
enforcement  of  the  regulations  if  transport  by  road  is  involved,  and 
should  be  contacted  regarding  official  interpretation  of  the 
regul at  ions. 

8.7  ENDANGERED  SPECIES  hCT  UF  1973 

Under  this  Act,  actions  authorized  or  implemented  by  Federal  agencies 
must  be  conducted  in  such  a  manner  as  to  conserve  threatened  or 
endangered  species.  The  implementing  agency  must  take  action  as 
necessary  to  insure  that  the  existence  of  endangered  or  threatened 
species  is  not  jeopardized  and  habitat  critical  to  those  species  is  not 
destroyed  or  modified.  Additional  coordination  with  the  Fish  and 
Wildlife  Service  will  be  necessary  regarding  requirements  of  this  Act. 

8.8  SECTION  26a  OF  THE  TENNESSEE  VALLEY  AUTHORITY  ACT 

This  section  of  the  TVA  Act  stipulates  that  plans  for  construction, 
operation,  and  maintenance  of  projects  within  the  Tennessee  River  system 
requiring  dams  or  other  obstructions  affecting  navigation,  flood  control, 
or  public  lands  or  reservations  must  be  submitted  to  and  approved  by  the 
Tennessee  Valley  Authority  Board.  Upon  approval  of  such  plans,  deviation 
from  them  is  prohibited  without  approval  of  appropriate  modifications  to 
the  original  plans. 
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8.9  VARIOUS  HI  SI  UK  I C  AhU  mKOHmEuLuOI  CaL.  UATa  PKEbtkVAT  Lon  !_a;.S 
8.9.1  Antiquities  Met  of  190fe 


This  Act  provides  tor  tne  preservation  of  Historic  and  prehistoric 
remains  (antiquities)  on  Federal  lanas,  estaolishes  penalties  for 
unautliori zed  destruction  or  appropriation  of  federally  ownea  antiquities, 
and  establishes  a  permit  system  for  the  sciettific  investigation  of 
antiquities  on  i-ederal  lands. 


8.9.E  Historic  bites  Act  of  193b 

T he  Secretary  of  the  Interior  is  designated  oy  tins  Act  as  responsible 
for  establishing  tne  National  Survey  of  Historic  Sites  anu  buildings. 

Trie  Act  requires  the  preservation  or  properties  of  "national  historical 
or  arcnaeologica!  significance"  and  the  designation  of  national  nistonc 
landmarKS.  Interagency,  intergovernmental  ano  interd iscipl inary  efforts 
for  t I'.e  preservation  of  such  resources  are  also  authorized  by  tne  «ct. 


8.9.0  national  Historic  Preservation  Act  of  l9bb,  as  Amended 


Tii i s  Act  establishes  a  national  policy  of  historic  preservation, 
including  encouragement  by  providing  matching  grants  for  state  ano 
private  efforts.  Uf  particular  importance  is  Section  lUo  of  tne  act, 
which  describes  certain  procedures  to  oe  followed  by  Federal  agencies 
implementing  projects  which  may  affect  significant  properties.  Unoer 
Section  lUo,  the  responsible  agency  is  directed  to  consult  with  the  State 
Historic  Preservation  officer  (SiiPU)  ano,  where  necessary,  the  Utfice  of 
Archaeology  and  Historic  Preservation  to  determine  the  significance  of 
the  property,  once  the  significance  is  determined,  the  agency  must 
consult  with  ShPU  and  the  Advisory  Council  to  develop  mitigation  plans. 


8. 9. a  Preservation  of  Historic  and  Archaeological  data  net  ot  197a, 
Amending  the  Reservoir  Salvage  Act  of  l9oi) 

The  Reservoir  Salvage  Act  provided  for  the  preservation  of  Historical  or 
archaeological  data  that  may  be  lost  or  destroyed  by  construction  of 
federally  funded  or  licensed  dams,  reservoirs,  and  attendant  facilities. 
This  Act  was  amended  by  the  Preservation  of  Historic  and  Archaeological 
Data  Act  of  1974.  Unoer  this  later  act,  whenever  a  Feceral  project  or 
federally  licensed  project  alters  terrain  to  the  extent  that  sigriificant 
historical  or  arcnaeological  data  is  tnreaieneo,  the  Secretary  of  the 
Interior  may  take  whatever  actions  are  necessary  to  recover  ana  preserve 
the  data  prior  to  commencement  of  the  project.  The  cost  of  data  recovery 
are  restricted  by  this  act  to  1  percent  of  the  total  project  cost.  This 
i  percent  limitation  does  not  apply  to  identification  studies  and 
planning  required  by  other  Acts,  nor  to  mitigation  costs  otner  than  data 
recovery.  If  data  recovery  costs  exceed  the  j.  percent  limitation, 
supplemental  funding  or  alternative  mitigation  methods  must  be  developed. 
The  loss  of  significant  data  not  mitigated  by  tne  1  percent  limitation  or 
supplemental  funding  must  be  aduresseu  as  unavoidable  adverse  impacts  in 
tne  Environmental  Impact  Statement. 
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Tn i s  Met  requires  tnat  any  person  removing  any  archaeolog ica I  resource 
located  on  public  or  Inuian  larius  must  first  ODtam  a  permit  from  tne 
Federal  land  manager,  compliance  with  Section  lUb  or  tne  National 
historic  Preservation  net  of  19o6  is  not  required  with  issuance  of  a 
permit  under  tne  Archaeological  Resources  Protection  Act.  Ine  Act  states 
that  ownership  of  archaeological  resources  excavated  or  removed  from 
public  lands  wil  remain  tne  property  of  tne  united  States,  establishes 
regulations  governing  tne  removal  of  archaeological  resources,  and 
specifies  civil  and  criminal  penalties  for  violators  of  the  Act. 
Provisions  are  also  made  for  cooperation  and  communicat 'on  between 
Federal  agencies,  private  individuals,  and-  professional  archaeologists. 

8.10  ALABAMA  HAZMkDOUS  WASTES  FImwAGEHENT  aCT  OF  1978 

Regulations  promulgated  pursuant  to  this  Act  incorporate  all  requirements 
of  the  final  ana  proposed  regulations  under  RCRa.  The  Alabama 
regulations  do  impose  permit  and  otner  legal  obligations  in  addition  to 
the  RCKA  requirements.  If  the  OuTk-contaminatea  sediments  are  classified 
as  a  hazardous  waste  oy  trie  State  of  Alabama,  the  Alabama  regulations 
will  have  to  be  addressed  anu  these  additional  requirements  met.  Fiost 
noteworthy  are  Sections  12(e)  ana  12(f),  requiring  both  construction  ana 
operating  permits  for  disposal  facilities;  ana  Section  7,  requiring 
dedication  of  disposal  lands  for  "perpetuity"  (2UU  years  as  opposed  to 
RCKa's  30-year  post  closure  care  requirement). 

s.ii  alabmma  Aik  pollution  control  act  of  1971 

Regulations  of  the  Alabama  Air  Pollution  Control  Commission,  promulgated 
persuant  to  this  Act,  regulate  open  burning  ana  particulate  emissions 
such  as  fugitive  dust  (Chapters  3  and  4).  These  regulations  should  have 
minimal  impact  on  proposed  alternatives. 


8.12  OCCUPATIONAL  SAFETY  ANb  hLrtlTH  AUHINISIKm! ION 

USHA  Legislation  29  CFk  1900  et.  seq.  sets  limits  on  worker  exposure  to 
airborne  concentrations  of  DDT  and  monoch lorobenzene.  Though  airborne 
concentrations  are  not  expected  to  be  significant  during  dredging  and 
construction,  this  must  be  verified  on-site. 

8.13  EXECUTIVE  ORDER  11988 

Executive  Order  11988  directs  Federal  agencies  to  "restore  and  preserve 
the  natural  ana  beneficial  values  served  by  floodplains"  in  Federal 
activities  related  to  land  management  or  use,  and  for  Federally  funded  or 
implemented  construction  projects.  If  an  agency  allows  or  conducts  an 
action  in  a  flooaolain,  alternatives  must  be  considered  to  avoio  adverse 
impacts  and  incornpatable  development  in  the  floodplain.  Regulations  were 
to  be  adopted  or  amended  as  necessary  by  the  agencies  to  comply  with  this 
oraer. 
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8.14  tXECUTl Vt  UkOEK  11990 


Executive  Order  11990  orders  each  Federal  agency  to  take  actions  neces¬ 
sary  to  "minimize  the  destruction,  loss,  or  degraoation  ot  wetlands  ana 
to  preserve  and  enhance  the  natural  and  Derieticial  values  ot  wetlands'1  in 
Federal  activities  related  to  land  management  or  use,  ana  tor  feueral ly 
tunaeo  or  implemented  construction  project*.  It  a  project  is  to  be 
implementeo  in  a  wetland,  it  must  be  demonstrated  that  there  is  no 
practiceable  alternative  and  tnat  tne  proposeo  action  mitigates  to  tne 
extent  possible,  harm  to  the  wetlands.  Economic,  environmental,  and 
other  relevant  factors  may  ue  considered  in  making  tins  judgement. 

y.U  FkOPUSEb  mLTEkNmTI V£b 

9.1  MLTtKNATlVE  A:  NATURAL  RESTORATION 

An  obvious  alternative  is  to  allow  the  presently  contaminated  system  to 
restore  itself  naturally.  Key  factors  in  tnis  assessment  are  questions 
concerning  how  long  natural  restoration  would  require,  whether  condi¬ 
tions  will  get  worse  before  they  yet  better,  ana  whether  the  contamina¬ 
tion  will  spread  over  an  even  wider  area. 

If  natural  restoration  is  to  be  successful,  one  of  three  things  nust 
occur,  tither  (l)  the  uUTR  must  be  degraded  to  harmless  compounds, 

[Z)  the  DuTk  must  become  isolated  in  some  manner  from  the  rest  ot  the 
environment,  or  (3)  the  UUTK  must  be  flushed  out  of  the  system. 

A  review  of  the  literature  regarding  the  persistence  of  UUTk,  particu¬ 
larly  in  the  concentrations  found  in  Huntsville  Spring  Branch,  stronyly 
indicates  the  half-life  of  this  material  may  be  on  the  order  of  at  least 
20  to  30  years.  At  a  20-year  half-life,  60  years  from  now  there  would 
still  be  59  tons  of  UDTk  left.  At  a  30-year  half-life,  118  tons  would  be 
left  after  60  years,  titner  amount  woulo  be  far  more  than  is  currently 
in  the  lower  reaches  of  Huntsville  Spriny  branen  and  Indian  Creek. 

Hence,  it  appears  tnat  natural  degradation  cannot  be  expected  to 
significantly  "clean  up"  the  problem  iri  the  foreseeable  future. 

Tne  most  promising  scenario  for  success  of  the  natural  restoration  alter¬ 
native  is  that  the  system  will  somehow  isolate  tne  current  contaminated 
sediments.  The  most  1 ikely  mechanism  to  accomplish  this  is  natural  silt¬ 
ing  over  of  contaminated  areas.  To  date,  tnis  does  not  appear  to  be  oc¬ 
curring  at  a  very  rapid  rate.  Currently,  about  34  percent  ot  the  UDTk  is 
iri  the  top  6  inches  of  sediment  and  about  b7  percent  is  in  the  top 
1  foot.  Hence,  natural  isolation  by  silting-in  does  not  appear  to  have 
been  too  successful  iri  the  last  lu  years  since  tne  UDTk  manufacturing 
plant  closed. 

Another  possible  means  by  which  the  natural  restoration  alternative 
might  be  successful  would  be  for  the  UUTk  in  Huntsville  Spriny  Branch  and 
iridian  Creek  to  be  flushed  out  as  dissolved  and  suspendeo  material  into 
the  Tennessee  River.  Current  UUTK  distributions,  plus  the  best  estimates 
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ot  tin  rate  at  ,.mcn  DuTk  is  moving  out  of  Indian  Creek,  suggest  tnat 
natural  flushing  would  take  huriareas  of  years,  tven  if  this  were  to 
occur,  trie  positive  etrects  on  toe  nbB-IC  system  would  be  more  than 
offset  oy  the  negative  impacts  on  the  Tennessee  River. 

bev  al  potential  negative  aspects  of  the  natural  restoration  alternative 
shot  u  be  noted.  Currently,  only  U.8  percent  of  the  total  DuTk  is  in 
Indian  Creek,  yet,  this  is  enough  to  cause  substantial  contamination  of 
some  risn  species  in  tnat  area.  If  left  uncontrolled,  there  appears  to 
oe  a  significant  risk  that  Indian  Creek  DuTk  levels  could  be  maintained 
or  even  increased  from  the  vast  storenouse  of  DUTK  sitting  upstream, 
tven  if  only  insignificant  amounts  of  DUTk  are  moving  unaer  normal  flow 
conditions,  there  is  the  possibility  that  infrequent,  but  large,  storm 
events  could  flush  slugs  of  DDTk  out  ot  Huntsville  Spring  Branch. 

An  even  worse  possibility  is  .hat  the  uDTk  has  been  slowly  working  its 
way  out  of  Huntsville  Spring  Branch  and  continues  to  do  so  at  a  rate 
faster  than  it  is  degraded  downstream.  Given  sufficient  time,  enough  ot 
it  may  enter  the  Tennessee  River  to  more  substantially  impact  an  even 
larger  system. 

The  information  available  currently  is  not  sufficient  to  allow  one  to 
determine  with  certainty  wnether  the  DuTk  effects  are  increasing  or 
decreasing.  Some  trends  in  bird  population  estimates  suggest  a  decrease 
in  effects.  Tne  Double-crested  Cormorant  population  of  the  Wheeler 
national  Wildlife  kefuge  declined  rapidly  from  over  2, GOD  (peak  popula¬ 
tion  number)  in  1944  to  50  in  1959.  Between  1963  and  1971;  these  birds 
were  not  observed  on  the  kefuge.  Since  1973  tnere  has  been  a  gradual 
increase  again  in  these  birds  to  a  peak  population  (greatest  number  of 
biros  observed  on  any  day  during  the  period)  of  21  in  1979.  However,  as 
rioted  in  Section  B.4  ot  this  Appendix,  this  may  be  due  more  to  regional 
factors  than  to  local  conditions.  American  Wooococks,  Least  Sandpipers, 
and  kectoral  Sandpipers  are  also  increasing  (TaDle  II-8).  According  to 
the  peak  population  records  of  the  Wildlife  kefuge  (lable  1 1-6), 
Ried-billeo  Grebes,  Sora  Rails,  and  Vultures  are  making  possible  come¬ 
backs.  However,  this  trend  is  not  definite  for  tiiese  species  aue  to  the 
short  time  span  since  closure  of  the  UUT  plant.  Also,  population  varia¬ 
tions  may  be  more  the  result  of  region  or  areawide  conditions. 

In  contrast  to  this,  there  has  not  been  a  recovery  for  the  following  top 
carnivores:  Barred  Owl,  Cooper's  Hawk,  Harsh  Hawk,  Red-Shouldered  Hawk, 
and  the  Sharp-Shinned  Hawk.  Table  1 1-8  also  shows  a  marked  reduction  in 
Swamp  Rabbits  after  the  DDT  plant  was  closed  from  3, DUO  in  1971  and  1972; 
to  700  tor  the  last  two  years.  The  reason  for  this  decline  is  unknown. 

The  short-term  risk  of  tne  natural  restoration  alternative  is  relatively 
low  in  that  the  situation  does  not  appear  to  be  rapidly  worsening.  Thus, 
it  would  be  possible  to  tentatively  select  natural  restoration  plus  con¬ 
tinued  monitoring  and  status  reports.  This  would  allow  additional  time 
during  which  more  definitive  information  could  be  gathered  to  determine 
contamination  trends. 

If  the  natural  restoration  alternative  is  selected,  either  on  a  temporary 
or  permanent  basis,  a  monitoring  program  should  be  initiated  to  determine 
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Table  1 1 1  - 1 1 .  Detailed  Cost  Estimates  tor  Alternative  b,  Ureaging  and  Uisposal  (for 
Dredging  Plan  III) 


No.  of  Unit  Estimated 

Description  Unit  Units  Lost  VS)  Cost  ($) 


(a)  Temporary  Dredged  Material 
Uisposal  Area  (TDMUm) 

(i)  Construction 


-Site  Acquisition 
-Soil  borings  and  Tasting 

1  boring 

- - 

— 

0 

&  tests 

38 

1,026 

39,000 

-Clearing  ana  Drubbing 

acre 

187 

2,500 

468,000 

-Excavation  and  Orading 

cu.  yd. 

962,800 

2 

1,925,000 

-Dike  Construction 

-Place  Fill  for  Keturn  Water 

cu.  yd. 

812,000 

3.5 

2,842,000 

Treatment  Area 

-48-in.  Pipe  Weirs,  Purchase  and 

cu.  yd. 

100,000 

3 

300,000 

Instal  1 

-Seeding,  Mulching,  Fertilizing, 

each 

24 

5,500 

132,000 

Exterior  Dikes 

acre 

18 

1,300 

23,00u 

-Groundwater  Monitoring  System 

1-50  ft.  Well 

8 

bOO 

5,000 

-Leachate  Monitoring  System 

ft. 

L.S.1 

2,  QUO 

12 

24,0o0 

Keturn  Water  Treatment  System 
-Earthern  Clarification  basin 

- - 

— 

6,000,000 

(tor  above  system) 

L.S. 

— 

— 

74,000 

-Fencing  nround  Site 

ft. 

19,5u0 

12 

234,000 

-Access  Road  (1,000  ft.  x  40  ft.) 

sq.  yd. 

4, 4b0 

5 

22,000 

-Reroute  Existing  Drainage 

SUBTOTAL 

ft. 

4, DUO 

2.5 

10,000 

12, 09b, 000 

(ii)  Operation 

-Keworking  Interior  Dikes  For 


Crane  Access 

c  u .  yd . 

14,000 

2 

28,000 

-Small  Dragline  for  Trenching? 

-Return  Water  Treatment  System 

L.S. 

— 

— 

473,000 

Operating  Costs 

-Mua  Cat  Dredge  for  Solids  Removal 

L.S. 

- - 

— 

5,055,000 

in  Clarification  Bas’n^ 

-Sump  and  Pipinq  for  Draining, 

L.S. 

- - 

“ 

122,000 

Snagging  &  Grubbing  Disposal  Area 

SUbTuTAL 

SUBTOTAL  TDMUm  COST 

-20%  Contingency 

-15%  Engineering  Design,  Supervision 
and  Administrative  Costs 

TOTAL  TO MUA  COST 

L.S. 

b,OOU 

5,68b, 000 

17 , 784 ,O0u 

3, 577, OuO 

2,b68,000 

24,008,000 
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Table  Ili-il.  Detailed  Cost  Estimates  for  Alternative  d,  Dredging  ano  Disposal  (for 
Dredging  Plan  Ill)  (Continued,  Page  2) 


No .  of 

Unit 

Estimated 

Description 

unit 

Units 

Cost  (S) 

Cost  (3) 

(b)  Snagging  HSb  and  IC  Channel^ 

(c)  Hydraulic  Dredging 

5,704,000 

-Access  Koads 

-Clearing  and  construct  ion 

sq.  yd. 

323, UUU 

5 

1,d15,u00 

-Additional  fill  for  Low  Areas 

cu.  yo. 

SO, 000 

4 

200,000 

-Culverts  and  Installation 

each 

100 

850 

85,000 

-Temporary  Power  Line  and 

Li ghting 

L.S. 

— 

— 

1,309,000 

-Power  Consumption  (electrical) 

kwh 

14, 000, 000 

0.05 

700,000 

-Depth  kanging  System 

L.S. 

— 

— 

5u,000 

-booster  Pump  Purchase-3 
-Polyethylene  14  ID  Discharge 

each 

12 

206,000 

2,472,000 

Pipe^  (including  connections) 

ft. 

63,000 

27 . 50 

1,733,000 

-floatation  for  Discharge  Pipe 
-Mobilization  and  Demobilization 

ft . 

2,000 

10 

20,U00 

(oredge  and  boosters) 

-Lifting  Dredge  over  Dodd  aria 

L.S. 

— 

— 

80,0U0 

Centerline  koad  bridges 
-Channel  Dredging  and  Pumpiny 

L.S. 

-  -  - 

— 

15,000 

to  TUNUA 

L.S. 

— 

— 

8,890, 

-Dredge  Monitoring 

L.S. 

— 

— 

750,000 

SUbTuTAL 

17,928,000 

-20%  contingency 

-15%  Engineering  Design,  Supervision 

3,586,000 

and  Administrative  Costs 

2,6b9,0uu 

TUTAL  HYDRAULIC  OktOOlNG  COSTS 

24,203,000 

(a)  Critical  uverbank  Removal 
-Additional  Sediment  Sampling 

L.S. 

... 

100,000 

-Clearing  and  Drubbing 

acre 

76 

2 ,5UU 

188,000 

-Access  Road  Construction 

sq.  yd. 

2u,0UU 

5 

lU0,00U 

-Drayline  Dredging^ 

cu.  yd. 

364 , 500 

5 

1,823,000 

-Hauling  to  TOMOa 

c  u .  yd . 

36a ,600 

4 

1 ,458,000 

-Placement/Urad’ng  in  TDMUA 

cu.  yd. 

36a , 600 

1 

365, 0U0 

-final  Oraaing  of  Overbank 
-Seeding,  Mulching,  Fertilizing 

sq.  yd. 

364,600 

1 

365,000 

of  Overbank 

acre 

75 

1,3U0 

96,000 

SUbTUTAL 

4,497,000 

-20%  Contingency 

-15%  Engineering  Design,  Supervision, 

899,000 

and  Administrative  Costs 

675,000 

TOTAL  CRITICAL  OVtkbAfik  REMOVal 

COSTS 

6,071,00 
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Table  1 1 1 - 1 1 .  Detailed  Cost  Estimates  for  Alternative  B,  Dredging  and  Disposal  (for 


Dredging  Plan  III)  (Continued,  Page 

3) 

Description 

Unit 

No.  of 
Units 

Unit 

Cost  ( S) 

Estimated 
Cost  (S) 

(e)  Uption  for  Noncritical  Uverbank 
-Clearing  and  Grubbing 

Removal 

acre 

182 

2,500 

455,000 

-Access  Road  Construction 
-Dragline  Dredging'’ 

sq.  yd. 

85,000 

5 

42b, uuo 

cu.  yd. 

879,500 

5 

4,398,000 

-Hauling  to  TumOA 

cu.  yd. 

879, 5U0 

4 

3,518,000 

-Placement/Grading  in  IDMDA 

cu.  yd. 

879,500 

1 

880,000 

-final  urading  of  Uverban* 

sq.  yd. 

879, 5UU 

i 

880,000 

-Seeding,  Mulching,  Fertilizing 
of  Overbank 

acre 

182 

1,300 

236,000 

subtotal 

-20%  Contingency 

-15%  tnyineeriny  Design,  Supervision 
and  Administrative  Costs 

total 

(f)  Permanent  Disposal  of  Dredged 
Material  (closure  of  TDMDa  as 
a  landfill) 

9 

10,792,UOO 

2,158,000 

1,619,000 

14,569,000 

urading.  Compacting  Dredged 

Material 

sq.  yd. 

905.100 

1.5 

1,358,000 

-Hauling,  Placement,  Compaction, 
and  Grading  of  Cover  Material 

c  u .  yd . 

603,400 

5 

3,017,000 

-Seeding,  Mulching,  Fertilizing 

Site 

acre 

187 

1300 

243,000 

subtotal 

-20%  Contingency 

-15%  Engineering  Design,  Supervision 
and  Administrative  Costs 

TOTAL  PERMANENT  DISPOSAL  COSTS 

(g)  Cultural  Resources  Activities 

L.S. 

4,618,u00 

924,000 

693,000 

6,235,000 

805,000 

OPERATION  AND  MAINTENANCE  COSTS 

(a)  TDMDA  Long-Term  Maintenance 

yr 

30 

50,000 

1,500,000 

(b)  Monitoring 
-Disposal  Site  Monitoring 

yr 

30 

50,000 

1,500,000 

-Areawide  Monitoring 

yr 

4 

500, UUU 

2,Ou0,U00 
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Table  Ill- il-  Detailed  Cost  estimates  for  Alternative  b,  Dredging  and  Disposal  (for 
Dredging  Plan  Ill)  (Continued,  Page  4) 


Description 

Unit 

ho.  of  Unit 

Units  Cost  (}>) 

Estimated 
Cost  (i) 

TOTAL  C0S1  uf  PKUJLCT 

(?xcluding 
( including 

noncritical 

noncritical 

overbank  removal ) 
overbank  removal ) 

7B,0Eb,0U0 

Ob,byt),ouU 

°lricludes  operation  and  maintenance  costs. 

^Lump  sum. 

^Includes  purchase,  operating,  ana  maintenance  costs  of  35- ton  crane  for  entire 


3 


dewatering  period  (3  years). 

Includes  purchase  and  operation  of  l-iud  Cat  Dredge  model  SPBlO  tor  operational 


treatment  plant  (b  years). 

^Includes  contingency,  engineering,  arid  administrative  costs, 
^includes  integrated  central  control  system. 
bCost  based  on  using  Phi1 lips  Uriscopipe. 

^Assuming  overbank  is  excavated  uniformly  to  a  3.U-ft.  depth. 


life  of 
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Taole  I  i  i  -  lk: .  Cost  bummary  for  Alternative  b  (as  Detailed  in  Table  Ili-li 


tor 

uredging  Plan  ill; 

Dredging 

Reacnes 

Total  Estimated  Cost 

Flan 

Included* 

(mi  1  lions  ot  uol lars ) 

I 

A 

30.91 

II 

A,b 

42.53 

III 

A,b,C 

72.03 

estimated  Effect 

of  (Jther  Options  on  Cost  Estimate 

(Mil  1  ions  of  Uol lars ) : 

-Implement  Noncritical  Overbank  Removal  Option  +  14.57 

-uelete  CarDon  Adsorption  From  Return  Water 

Treatment  bystem  -  4.1b 

-Implement  Mine  Disposal  (Flan  III;  +  lb.5i 

(Including  Disposal  of  Noncritical  UverDank  sediments)  +  43.37 
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annual  expenditures  for  Alternative  b  are  given  in  figure  111-20  and 
Table  111-13,  respectively. 

9.3  ALTERNATIVE  C:  GUT-UF-BASIN  DIVtKSIUN  AND  REMOVAL  OF  CONTAMINATED 

SEDIMENTS 

9.3.1  Introduction 


This  alternative  conbines  tne  major  actions  of  dredging  and  disposal  and 
out-of-basin  diversion  of  HSb.  Diversion  of  HSB  directly  to  the  TR  will 
greatly  reduce  fluvial  transport  of  DuTk  from  HSB  and  moderate  its 
transport  in  IC.  Tne  diversion  alone  will  not  provide  for  adequate 
mitigation  of  DOTH  contamination  in  the  HSB-IC  system.  Contaminated 
sediments  would  still  be  subject  to  fluvial  transport  from  local  runoff 
and  from  flows  created  by  fluctuations  in  the  Wheeler  Reservoir  pool. 
Significant  potential  for  oiotransport  would  also  exist  if  contaminated 
sediments  were  left  exposed. 

Removal  of  contaminated  sediments  from  risB  and  IC,  coupled  with  a  suit¬ 
able  disposal  technique,  will  provide  for  isolation  of  the  majority  of 
UUTk.  Minimal  transport  of  UUTk  would  occur  during  the  removal  operation 
due  to  U.-a  greatly  reduced  flows  afforded  by  the  diversion.  Two  options 
are  discussed  for  removal  of  contaminated  sediments,  hydraulic  dredging 
and  dragline  dredging.  Dragline  dredging  would  require  construction  of  a 
containment  dike  and  drainage  channel  as  illustrated  in  Figure  1 1 1 - 18 . 

The  turoidi ty-generating  characteristics  of  tne  dragline  dredge  wnich 
excluded  it  from  consideration  for  dredging  flowing  reaches  of  HBB  and  IC 
will  not  present  a  problem  within  the  diked  containment  area.  Removal  of 
contaminated  sediment  downstream  from  the  containment  area  would  be  by 
hydraulic  dredging. 

9.3.2  Uut-Of-Basin  Diversion 

The  out-of-basin  diversion  is  discussed  in  Section  4.0  of  this  Appendix. 

9.3.3  Dredging  and  Disposal 

Hydraulic  Dredging--The  hydraulic  dredging  of  HSB  and  IC  and  alternatives 
Tor_BTsposa1—oT^ontaminated  sediments  is  discussed  in  Section  3.0  of 
this  Appendix. 

Dragline  Uredging-- 

Introduction--Dragl me  Dredging  of  HSB  upstream  from  Mile  2.4  (Dodd  Road) 
may  be  advantageous  if  the  channel  can  be  dewatered  to  such  an  extent 
that  ponded  water  is  nearly  eliminated.  Downstream  from  HSB  Mile  2.4  tne 
topography  is  such  that  the  channel  would  probably  be  inundated  several 
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Table  lll-i.3.  Estimated  Annual  Expenditures  -  Alternative  b 


Estimated  Annual  Expenditures 

(millions  of  Uol lars-1980) 

Year  After 
btart  Time 

ditnout  i*oncritical 
Uveroank  i-litigation 

witn  uoncriticai 

Overbank  witigacion 

1 

2.9 

3.7 

2 

2.9 

3.7 

3 

9.4 

8.1 

A 

2b.  b 

22.7 

b 

11.1 

22.4 

6 

8.2 

14.0 

7 

1.4 

1.4 

8 

5.1 

5.1 

y 

1.8 

1.8 

10-13 

G.b 

0.6 

14-26 

0.1 

0.1 

Averaye  Annual  Expenditure, 
1980  Dollars  (assuming  an 
interest  rate  of  7.125% 
and  a  project  life  of 
bO  years) : 

S.02 

b.39 
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tines  during  dragline  drenging,  substantially  increasing  down-time  and 
dewatering  costs.  Dewatering  requirements  for  the  dragline-dredged 
sediments  would  be  greatly  reduced  or  eliminated  altogether,  as  sediments 
would  be  removed  at  their  j_n  situ  water  content.  This  would  allow 
closure  of  portions  of  the  temporary  disposal  area  soon  after  termination 
of  .-edging  and  would  eliminate  some  dewatering  costs.  If  the  option  for 
permanent  disposal  in  an  off-site  abandoned  mine  is  chosen,  temporary 
disposal  of  dragline-dredged  sediments  may  be  eliminated  altogether. 
Dragline  dredging  would  also  permit  visual  inspection  of  the  accuracy  and 
completeness  of  dredging. 

Implementation  of  the  dragline  option  will  depend  on  the  hydrologic 
conditions  present  in  the  HSB  channel  once  the  out-of-basin  diversion  is 
completed.  A  dewatering  dike  with  sump  and  pumping  station  would  huve  to 
be  constructed  across  Hbn  to  exclude  the  effects  of  the  wheeler  Keservoir 
pool  from  the  channel.  The  channel  slope  should  allow  for  drainage  of 
the  majority  of  water  from  HSB.  Ponded  areas  would  persist  in  low  areas 
but  can  be  dewatered  as  tney  are  encountered  during  dredging.  Some 
recharge  into  the  channel  can  be  expected  from  groundwater,  though  this 
should  be  minimal  due  to  the  slow  permeability  of  the  fine-grained 
sediments.  Groundwater  and  precipitation  recharge  can  be  handled  by  the 
pumping  station. 

Temporary  Disposal  of  Dredged  Material --A  temporary  disposal  area  will  be 
selected  and  designed  as  described  in  Section  3.3.  Dragline-dredged 
sediments  will  be  placed  in  the  two  northern-most  primary  disposal  cells 
(see  Figure  1 1 1 -b ) .  These  cells  will  be  sloped  toward  their  outlets  to 
faci litate  drainage. 

Dredged  material  will  be  transported  to  tne  temporary  disposal  area  in 
trucks  equipped  with  sealed  tailgates.  Methods  for  handling  material 
within  the  site  will  be  determined  by  its  water  content.  It  is  expected 
that  wide-tracked,  low  ground-pressure  equipment  will  be  operable  on  the 
dredged  material  shortly  after  its  placement. 

Placement  and  handling  of  the  the  material  must  be  performed  in  such  a 
manner  as  to  assure  adequate  drainage  of  precipitation  and  pore  water 
from  the  cells.  Placement  of  wetter  materials  in  relatively  thin  lifts 
may  be  desirable  to  increase  their  rate  of  dewatering. 

If  permanent  disposal  in  the  TDMDrt  is  cnosen,  closure  of  the  dragline 
disposal  cells  may  be  implemented  soon  after  completion  of  dragline 
dredging.  The  time  at  which  closure  may  be  implemented  will  depend  on 
tiie  water  content  of  the  material  and  meteorological  conditions 
encountered  at  the  site. 

Hydraulic  dredging  of  I(J  and  lower  HSB  will  be  implemented  concurrently 
with  dragline  dredging  of  upper  HSB,  therefore  the  required  capacity  of 
the  return  water  treatment  system  will  not  be  changed.  A  significant 
savings  may  be  realized,  however,  in  the  shorter  duration  of  the 
hydraulic  dredging  program.  Upon  completion  of  hydraulic  dredging,  only 
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Table  111-1*+.  Detailed  Cost  Estimates  for  alternative  C,  Uut-of-basin  Diversion  ana 
Removal  of  Contaminated  Sediments 


Description 


(a;  Out-of-Basin  Diversion  Channel^ 

-Clearing  and  Grubbing 
-Channel  txcavation 
-Bedrock 
-Unconsolidated 
-boil  Borings  and  Tests 

-Land  Acquisition 
-Uti 1 ity/Structure  Relocation 
or  Replacement 

bector  rt-1 

-Relocate  STP  Uuttall,  3600  ft. 
of  12-in.  CMP 

bector  C-l 

-InstaTTTbUO  ft.  of  18-in.  VCR 
-Relocate  Existing  Lift  Station 
-kemove  Existing  Manholes 
-Install  Cast  Concrete  Mannoles 
-Sewage  Pumping  During  Construction 
-Relocate  and  kepave  Entry  Gate 
No.  3 

-Relocate  1:350  ft.  of  12-in.  Cl 
Force  Main 

-kemove  Existing  bridge  at 
Redstone  Road 

-Replace  Existing  bridge  at 
Redstone  Road 

Sector  0-1 

C'kelocate  2800  ft.  of  12-in.  Cl 
Force  Main 
Sector  E-l 

-Remove  Existing  Highway  Bridges 
-Remove  Existing  Railroad  Bridge 
-Construct  Two  2-Lane  Concrete 
bridges  at  Buxton  Road 
-Provide  for  Water  Diversion  During 
Construction  and  Relocate  8-in.  Cl 

Water  Main  on  New  Bridge 

-Seeding,  Mulching,  Fertilizing 

SUBTOTAL 

(b)  McDonald  Creek  Diversion 
-Clearing  and  Grubbing 
-Channel  Excavation  (assuming 
no  bedrock  is  encountered) 


No.  of 

Unit 

Estimated 

Unit 

Units 

Cost  ($) 

Cost  (h) 

acre 

429 

2,500 

1,073,U00 

cu.  yd. 

281, 90U 

50 

14,095,000 

cu.  yd. 

3,763,100 

3.5 

13,171,000 

:  boring 
&  test 

44 

1,026 

45,000 

acre 

235 

1,500 

353, 00U 

ft. 

3,bU0 

3U 

lO8,0uU 

ft. 

1,600 

25 

40,000 

L.S. 

— 

— 

25,000 

each 

5 

35U 

2,000 

each 

4 

1,500 

b  ,000 

L.S. 

— 

— 

15,000 

L.S. 

— 

— 

45,000 

ft. 

2,350 

3U 

71,000 

L.S. 

— 

— 

30,000 

ft. 

350 

720 

252,000 

ft. 

2,800 

30 

84,000 

L.S. 

—  —  - 

_  -  — 

60,000 

L.S. 

— 

— 

25,000 

ft. 

650 

720 

408, 000 

ft. 

300 

50 

15,000 

acre 

464 

1,300 

603, 000 

30,586,000 

acre 

27 

2,500 

68,000 

cu.  yd. 

61 ,0u0 

3.5 

214,000 
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Table  111-14.  uetailed  Cost  Estimates  for  Alternative  C,  Out-of-basin  inversion  ara 
Kenioval  of  Contaminated  Sediments  (Continued,  Page  2) 


Description 

Unit 

No.  of 
Units 

Unit 

Cost  (S) 

Estimated 
Cost  U) 

-boil  borings  and  Tests 

1  ooring 
&  tests 

8 

i,u2b 

8,000 

-Seeding,  Mulching,  Fertilizing 

acre 

22 

1,300 

29,000 

SUBTOTAL 

319,000 

(c)  Raising  Patton  Road 

-Haul  Fill  for  Roadbed 

cu.  yd. 

447,500 

4 

1,790,000 

-Place  Fill  for  Roadbed 

cu.  yd. 

447,500 

3.5 

i, 56b, 000 

-Soil  borings  and  Tests 

1  boring 
&  tests 

20 

1,02b 

21,000 

-Remove  Existing  bridge 

L.S. 

— 

— 

30,U00 

-Pave  Patton  Road 

sq.  ya. 

33,500 

8 

2bb,000 

-Seeding,  Mulching,  and  Fertilizing 

acre 

43 

1,300 

5b, 000 

-Fencing 

ft . 

25,000 

12 

300,000 

-Drainage  Structures  (box  culverts) 

L.S. 

— 

— 

15,000 

-Construct  New  bridge 

ft. 

350 

720 

252,000 

-Raise  Telephone  Line  Manholes 

L.S. 

— 

— 

5,000 

-Relocate  12,500  ft.  of  12-in.  Cl 

Water  Main 

ft. 

12,500 

30 

375/  • 

-Relocate  Power  Lines 

L.S. 

— 

— 

20,.  , 

SObTuTML 

(oj  Containment/Diversion  Dike 

NW  of  Patton  Road 

-Clearing  and  Oruboing 

acre 

11 

2,500 

4,byb,U00 

28,000 

-Channel  Excavation 

cu.  yd. 

60,000 

3.5 

210,000 

-Haul  Fill  for  Dike 

cu.  yd. 

90,700 

4.0 

3b3,000 

-Dike  Construction 

cu.  yd. 

150,700 

3.5 

527,000 

-Soil  borings  and  Tests 

1  Doring  • 
&  tests 

8 

1,025 

b,000 

-Seeding,  Mulching,  and  Fertilizing 

acre 

15 

1,300 

20,000 

SUBTOTAL 

SUBTOTAL  FOR  O'jT-UF-bASlN  DIVERSION 
-20%  Contingency 

-15%  Engineering  Design,  Supervisi.n, 
and  Aoministrative  Costs 

TOTAL  FOR  OUT-OF-bASlN  DlVE'iSION 

1,156,000 

36,759,000 

7,352,000 

5,514,000 

49,625,000 

(e)  Snagging  HSb  and  IC  Channel^ 

(f)  TUMDA  Construction  and  operation^ 

(g)  Critical  Overbank  Removal^ 

(h)  Hydraulic  uredying  of  HS8  and 
IC  Channel  5 


5,704,001) 

24,008,u00 

b,071. 

24,203,000 
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Table  1 1 1-14.  Detailed  Cost  Estimates  for  Alternative  C,  Out-of-Basm  Diversion  and 
Kemoval  of  Contaminated  Sediments  (Continued,  Page  3) 


Description 


No.  of  Unit  Estimated 

Unit  Units  Cost  (S)  Cost  (i) 


(i)  Option  for  Dragline  Dredging 
Between  HSB  Miles  2.4  and  5.6 

(i)  Dike  and  Drainage  Channel  for 
Diverting  Kunoff  from  basins 
K  and  M  Around  Area  to  De 
Dragline  Dredged 


-Clearing  and  drubbing 

acre 

3b 

2,500 

90,u0j 

-Channel  Excavation 

cu.  yd. 

86,500 

3.5 

303,000 

-Haul  Fill  for  Dike 

cu.  yd. 

b7,200 

4 

269, uOO 

-Dike  Construction 
-Soil  borings  and  Tests 

cu.  yd. 

1  boring 

153,700 

3.5 

538,000 

&  tests 

13 

1,02b 

13,000 

-Seeding,  Mulching,  ana  Fertilizing 

SUBTOTAL 

(ii)  Pumping  Station 

acre 

31 

1,300 

40,000 

1,253,000 

-2  Pumps,  2  MGO  Capacity  Each 

@  40  ft.  Total  Head 

each 

2 

15,000 

30,000 

-Pump  housing  Plus  Pads 

L.S. 

— 

— 

25,000 

-Piping,  12  in. 

ft. 

800 

25 

20,000 

-Electrical  Costs  and  Maintenance 

L.S. 

— 

— 

80,000 

-Concrete  Sump 

-Sedimentation  Basin  (9  Acres 

cu.  yd. 

32 

115 

4,000 

x  5  ft.) 

subtotal 

(iii)  Uragline  Dredging  Costs 

cu.  yd. 

72 ,bOu 

3.5 

254,000 

413,000 

-Access  Roads  (50-ft.  width) 

-Clearing  and  Construction 

sq.  yd. 

115.6UO 

5 

578,000 

-Hdaitional  Fill  for  Low  Areas 

cu.  yd. 

7 ,00U 

4 

28,000 

-Culverts  and  Installation 

each 

25 

850 

21,000 

-Dragline  Dredging  Sediments 
-Areas  Within  boom  Reach 


of  Shore 

cu.  yd. 

203,800 

5 

1,019,000 

-Areas  Dredged  from  Mats 

or  Fill 

cu.  yd. 

3u,500 

15 

458,000 

Hauling  Sediments  to  TDMUA 

cu.  yd. 

234,300 

4 

937,000 

SUBTOTAL 

3,041,000 

(iv)  Hydraulic  Dredging  from 

HSB  Mile  2.4  to  IC  Mile  0.0** 

16,285,000 

(v)  Dredge  Monitoring 

7^0,000 

SUBTOTAL  FOR  DRAGLINE  OREDblNG 

OPTION 

21,742,000 
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Table  III-14.  uetaileo  Cost  Estimates 
Removal  of  Contaminated 

for  Alternative  C,  Out 
Sediments  (Continued, 

-of -Basin  Diversion  aro 

Page  4) 

Description 

Unit 

No .  of 
Units 

Unit 

Cost  (S) 

Estimatea 
Lost  ($) 

-20%  Contingency 

-15%  Engineering  Design,  Supervision 
and  Administrative  Costs 

TUTaL  For  uRaOLIimE  URtOblNO  UPTIUN 

(j)  Permanent  Disposal? 

(Closure  of  TDNUA  as  Landfill) 

(k)  Cultural  Resources  activities  L.S. 

4, 34b ,000 

3,2ol ,000 

29,352,001) 

6,235,000 

1,40U,UUO 

Operation  and  Maintenance  Costs 
(a)  TDMDa  Long-Term  Maintenance 

yr 

30 

50,000 

1, SOU, 000 

(b)  Monitoring 
-Disposal  Site  Monitoring 

yr 

30 

5U.0U0 

l,5O0,0OU 

-Areawide  Monitoring 

yr 

4 

50U.000 

2,000,000 

TOTAL  COST  OF  PROJECT 

-All  Hydraulic  Dredging 
-With  Uragline  Option 

122,246,000 

127,395, 

1-Costs  snown  are  a  summary  of  the  projected  least-cost  alignment,  which  includes  sectors 
,  A-l,  b,  C-i,  U-i,  and  E  (see  Figure  II 1-17). 

^Includes  contingency  and  engineering  costs. 

^TUMDA  costs  are  itemized  in  Table  1 1 1 -11,  part  (a). 

^Critical  overbank  removal  costs  are  summarized  in  Table  III-1.1,  part  (d). 

^hydraulic  dredging  costs  are  itemized  in  Table  III-ll,  part  (c). 
bThis  cost  is  adjusted  for  deleting  the  dredging  of  HSB  Miles  2.4  to  5.6. 

^Permanent  disposal  costs  are  itemized  in  Table  Ill-li,  part  (f). 
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Table  111-15.  Lost  Suninary  for  Alternative  L  (as  Detailed  in  Table  II1-I4J 


Dredging  Method(s) 
bti 1 i zeo 

Total  tstimatec  t  ost 
(M  1 1  ions  ot  Do  1  lars  ) 

All  hydraulic  Dredging 

1  Zc .  Zb 

Dragline  Dredging  between 

HSfcS  Miles  2.4  arid  b.b. 

kemainder  Hydraulically 

Dredged 

lz7.4U 

Estimated  Effect  ot  Other  Uptions  on  Cost  Estimate  (Millions  0-'  Dollars): 


-Implement  tioncri  t  teal  OverDank  Kemoval  Option  in  Reach  n 
-Uelete  Laroon  Adsorption  t-rom  Return  *ater 

4- 

lu.57 

Treatment  System 

- 

a.  lb 

-Implement  Mine  Disposal 

+ 

lb  ,U4 

(Including  Disposal  of  Uverbank  sediments) 

T 

4J.37 

-Delete  hydraulic  Dredging  ot  keach  L 

- 

17.94 

-Delete  Hyoraul .c  Dredging  of  reaches  a  and  C 
-use  nlterriate  Sector  Koutings  to  Keep  Diversion 

“ 

26.93 

witnin  RSh  boundaries  (i.e.,  Sectors  h-2,  b, 

C-Z ,  U-2,  and  t) 

+ 

b  .22* 

♦Lost  increase  is  attributed  almost  entirely  to  trie  increased  amount  ot 
bedrock  expected  to  be  encountered  during  excavation  of  trie  channel. 
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Table  Ill-lb.  Estimated  Annual  Expenditures  -  nlternative  0 


Estimated  Annual  Expenditures 

(millions  of  uol lars-1980) 

Year  After 
Start  Time 

iwitnout  Noncritical 
UverDank  Mitigation 

hitn  Aoncriticai 

Overbanx  Mitigation 

1 

5.2 

b.O 

2 

5.2 

b.O 

3 

13.8 

12.0 

4 

19.8 

17.6 

5 

38.1 

38.1 

b 

13.1 

13.9 

7 

9.7 

16.3 

8 

4.8 

4.8 

9 

3.2 

3.2 

10 

4.4 

4.4 

li-14 

O.b 

0.6 

lb -40 

0.1 

0.1 

Average  Annual  Expenditure, 

1980  Dollars  (assuming  an 
interest  rate  of  7.125% 
and  a  project  life  of 

50  years):  8.71 

10.09 
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Table  1 1 1 - 17 .  Detailed  Cost  Estimates  for  Alternative  b,  Uut-ot -Basin  Diversion  ana 
Containment  of  Contaminated  Sediments 


No.  of  Unit  Estimated 

Description  Unit  Units  Lost  ($)  Cost  (S) 


(a)  Out-of-basin  Diversion* 

49,625,000 

(b)  uike  ana  Drainage  Channel 
for  Diverting  Runoff  from 
basins  i>,  arid  M  around 

Containment  are a^ 

l,b92,OC0 

(c)  Snagging  HSB  and  IC  Channel 

5 , 704 ,0o0 

(d)  TDMUA  Construction  and 

Operating  Costs-* 

24,008,000 

(e)  Hydraulic  Oredging  from  hSB 

Mi le  2.4  to  IC  Mile  U.O4 

22,995,000 

(f)  Pumping  Station-* 

558,000 

(q)  Covering  Channel  Sediments 
between  HSB  Miles  2. a  and  5.6 

Hauling  Cover  Material  From 


Out-of-Basin  Diversion 
-Placement  and  Compaction  of 

cu.  yd. 

228,000 

4 

912, OuO 

over  Material 

.eeding,  Mulching,  Fertilizing 

ca.  yd. 

228,000 

3.5 

798,000 

Cover 

SUBTOTAL 

-20%  Contingency 

-15%  Engineering  Design,  Supervision 
and  Administrative  Costs 

TOTAL 

(h)  Covering  Critical  Overbank 

ac  re 

47 

1,300 

61,000 

1,771,000 

354, OuO 

266, OUO 

2,391,000 

-Additional  Sediment  Sampling 

L.S. 

— 

— 

lOO.OOO 

-Clearing  and  OrUDoirig 
-Hauling  Cover  Material  from 

acre 

75 

2.50U 

188,000 

Out-of-basin  Diversion 
-Placement  end  Compaction  of 

cu.  yd. 

243,300 

4 

973,000 

Lover  Material 

-Seeding,  mulching,  Fertilizing 

cu.  yd. 

243,300 

3.5 

852,000 

Cover 

SUBTOTAL 

-20%  Contingency 

-15%  Engineering  Design,  Supervision, 
and  Administrative  costs 

Total 

acre 

7b 

1,300 

98.0UO 

2,211,000 

442,000 

332,000 

2,985,000 
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Taule  lil-17.  Detailed  Cost  tstiniates  for  /Alternative  D,  uut-ot-basm  Diversion  ana 
containment  of  contaminated  Sediments  (Continued,  Page  2) 


Uescri pt ion 

Ur.i  t 

Unit 

Cost  ($) 

Estimatea 
Cost  ( S) 

(i)  Uption  for  None riti cal  Overbanx  Covering 
•Clearing  and  Grubbing  acre 

182 

2,500 

455,000 

-nauling  Cover  Material  from 
Out-of-basin  Diversion 

cu.  yd. 

587,000 

4 

2,348,000 

-Placement  ana  Compaction  of 

Cover  Material 

cu.  yd. 

587,000 

3.5 

2,055,U00 

-Seeding,  Mulcning,  fertilizing 
Cover 

acre 

182 

1,300 

237,000 

SUBTOTAL 

-20%  Contingency 

-15%  Engineering  Uesign,  Supervision, 
and  Administrative  Costs 

TOTAL 

(j)  Permanent  Disposal  of  Dredged 

Material  in  TDHJrt^ 

(k)  Cultural  Resources  Activities 

L.S. 

5,095,U00 

1, 015,000 

764,000 

6,878,OOU 

6,235,000 
1,400, GUO 

Operation  ana  Maintenance  Costs 
(a)  TuMDa  Long-lerm  Maintenance 

yr 

3U 

5U,000 

1,500, 

(b)  Pumping  Station  Long-Term 
Maintenance 

y 

30 

10,000 

300,001 

(c)  Monitoring 
-Oisposai  Site  Monitoring 

yr 

3U 

50,000 

» 

l,5G0,0uo 

-Areawiae  Monitoring 

yr 

4 

500,000 

2,000,000 

TUTAL  COST  OF  PROJECT 
(Excluding  Overbank  Covering 
(including  Uverbank  Covering 

Option) 

Option) 

122,853 ,000 
129, 771 ,u00 

/•See  Table  1 1 1  - 14 ,  parts  (a)_(d)  for  itemized  costs  of  out-of-basin  diversion. 
^Itemized  costs  appear  in  Table  111-14,  part  (i)(i). 

•^TOMDA  costs  are  itemized  in  Table  III-ll,  part  (a). 

^Total  nydraulic  dredging  costs  are  summarized  in  Table  1 11-11,  part  (c). 

5See  Table  111-14,  part  (i)(ii)  for  itemized  pumping  station  costs. 
bSee  Table  III-ll,  part  (f)  for  itemized  permanent  disposal  costs. 
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Table  1II-1B.  Lost  Bunin, ary  for  Alternative  D  (as  Detailed  in  Table  111-17) 


Areal  Extent  of 

Cover  Application 

Within  Containment 

Total  Estimated  Cost 
(Mill  ions  or  Dol lars ) 

channel  anc  Critical  Uverbank  Only 

122.89 

Channel  and  Entire  (Jverbank 

129.77 

Estimated  Effect  of  Other  Options  on 

Cost  Estimate  (Millions  of  Dollars): 

-Delete  Carbon  Adsorption  from  keturn  Water 

Treatment  System  -  4.I0 

-Implement  Mine  disposal  +  12.40 

-Delete  Hydraulic  dredging  of  Keach  C  -  29.02 

-Delete  Hydraulic  Dredging  of  Keaches  B  and  C  -  4U.63 

-Use  Alternate  Sector  koutmgs  to  Keep  Diversion  witnin 

kSa  Boundaries  +  8.22 

T"  -  . 

Table  111-19.  tstimateu  Armual  Expenditures  -  Alternative  D 


Estimated  Annual  Expenditures 

(Millions  of  Uollars-1980 

Year  After 
btart  Time 

toitnout  iSoncritical 
Overbank  Mitigation 

Witn  Noncntica) 

Overbank  Mitigation 

1 

5.3 

5.7 

2 

5.3 

5.7 

3 

11.7 

11.9 

4 

17.7 

17.7 

5 

44.6 

42.1 

6 

14.8 

17.7 

7 

9.5 

15.0 

8 

1.4 

1.4 

9 

5.1 

5.1 

10 

2.5 

2.5 

11-14 

O.fa 

O.b 

18-40 

U.l 

0.1 

Average  Annual  Expenditure, 
1980  Dollars  (assuming  an 
interest  rate  of  7.125% 
and  a  project  life  of 

50  years) : 

8.90 

9.55 
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discussed  in  Section  9.3.3  of  this  Appendix.  Under  this  alternative, 
drayline  areaging  will  Pe  limited  to  the  contained  area  of  the  Hbb 
channel  between  HSU  Miles  4.U  and  5.6  and  will  involve  removal  of 
approximately  82,500  cubic  yards  of  channel  sediments. 

9.5.4  Cost  Estimates  for  Alternative  E 

Mitigation  of  Cultural  Resources  Impact--An  intensive  survey  of  the 
impacted  area  would  take  3  weeks  arid  cost  about  $lb,0GU.  Subsequent 
testing  arid  excavation  of  National  Register  eligible  sites  could  taxe 
place  in  eight  months  at  a  cost  of  about  $350,000. 

mo  intensive  cultural  resources  survey  should  be  made  of  tne  dreogiriy 
impact  area  over  an  8-week  period  at  a  cost  of  $80,000.  The  cost  and 
time  tor  testing  and  full  scale  excavation  by  professional  archaeologists 
of  all  National  Register  eligible  properties  within  this  area  that  cannot 
be  avoided  cannot  be  accurately  estimated  at  this  time.  At  least 
lb  months  ano  $725,000  will  be  involved. 

Total  cultural  resources  activities  associated  with  this  alternative  will 
take  approximately  2.5  years  at  an  estrniated  cost  of  il,17u,000. 

General --Uetai 1 eo  cost  estimates  for  Alternative  E  are  given  below  in 
Table  111-20.  Costs  of  dredging  all  contaminated  sediments  in  keaches  a, 
b,  and  C  (Figure  III-7)  are  included  in  the  project  estimate,  a  cost 
summary  and  the  estimated  effect  of  various  options  on  the  total  cost  are 
given  in  Table  III-21.  The  time  base  tor  all  cost  estimates  is  1980. 

The  estimated  implementation  timeline  arid  annual  expenditures  for 
Alternative  E  are  given  in  Figure  III-23  and  Table  III-22,  respectively. 

9.6  ALTERNATIVE  F:  WITHIn-BAblu  DIVERSION  AND  CONTAINMENT  OF 
CONTAMINATED  SEDIMENTS 

9.6.1  Introduction 

Alternative  F  utilizes  the  within-basin  diversion,  containment  techniques 
to  mitigate  contamination  upstream  of  HSb  Mile  3.9,  ano  dreogirig  and 
disposal  of  contaminated  sediments  below  Mile  3.9.  Ine  within-basin 
diversion  shown  in  Figure  Ill-lb  will  divert  flow  in  HSb  arouno  the  area 
of  heaviest  DoTk  contamination  and  contain  that  area  within  a  dike. 
Further  action  will  be  necessary  to  prevent  the  transport  of  DDTk  when 
local  runoff  is  pumped  over  the  dike,  and  to  reduce  the  potential  for 
bioavai 1 abi 1 i ty  ano  biotransport  of  exposed  DDTk. 

Application  of  an  inert  cover  to  channel  sediments  will  provide  an  ac¬ 
ceptable  degree  of  long-term,  in-place  isolation  of  DDTK.  The  contain¬ 
ment  dike  will  facilitate  dewatering  the  channel  prior  to  cover  applica¬ 
tion  and  will  help  assure  the  long-term  integrity  of  the  cover  by  isolat¬ 
ing  it  from  most  surface  water  flow,  contamination  in  HSB  downstream 
from  the  diversion  and  in  IC  will  be  removed  by  hydraulic  dredging.  An 
option  is  also  presented  to  use  the  diked  contaminated  area  for  disposal 
of  dreogeo  sediments. 
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Table  1 1 1-20 -  Detailed  Cost  Estimates  for  Alternative  t,  Witinn-basin  Diversion  and 
Removal  of  Contaminated  Sediments 


Description 

Unit 

ho.  of 
Units 

Unit 

Cost  ($) 

Estimatea 
Cost  ($) 

(a)  Within-basin  Diversion  and 
Diversion/Containment  Dike 

-Clearing  and  Grubbing 

acre 

1 

222 

2,5uO 

555,000 

-Channel  Excavation  (assuming 
no  bedrock  is  encountered )* 

cu.  yd. 

1,177,500 

3.5 

4,121,000 

-Soil  borings  and  Tests 

1  boring 
&  tests 

45 

1,02b 

4b, 000 

-Haul  Fill  From  borrow  Area  for 

Dike  Construction 

cu.  yd. 

5 59, GUO 

4 

2,236,000 

-Dike  Construction 

cu.  yd. 

1,736,500 

3.5 

b,078,0u0 

-Channel  for  Draining  Basin  k 

c  u .  yd . 

52,800 

3.5 

lbs, 000 

-Relocate  30-in.  RC  Industrial 

Water  Main 

ft. 

750 

8 

6,00U 

-Pumpiny  Station** 

L.S. 

— 

— 

o20,000 

-Seeding,  Mulching,  Fertilizing 

Channel  and  Dike 

acre 

241 

1,300 

313,000 

SUBTOTAL 

-20%  Contingency 
-15%  Engineering,  Legal,  and 
Administrative  Costs 

TOTAL  FOk  OITHlN-bASIN  OIVERSluH 

13,540,000 

2, 708, ODD 

2,031,v.  . 

18,279,uu0 

(b)  Snagginy  HSb  and  1C  Channels 

(c)  TDMUm  Construction  and  Operation-* 
(a)  Critical  Uverbank  Removal4 

(e)  Hydraulic  Dredging  of  HSB  and  IC 
Channel s5 

(f)  Option  for  Dragline  Dredging 
Between  HSB  Miles  4.0  and  5.6 

(i)  Dragline  Dredging  Costs 

-Access  Road 


6,704,000 
2 ',,008,000 
b, 071, DUO 

24,203,000 


-Clearing  and  Construction 

sq.  yd. 

44,000 

5 

220,000 

-Culverts  and  Installation 
-Dragline  Dredging  Sediments 

each 

12 

850 

10,000 

-Areas  within  boom  Reach  of  Shore 

cu.  yd. 

82,500 

5 

413,000 

-Areas  Dredged  from  Mats  or  Fill 

cu.  yd. 

0 

15 

0 

-Hauling  Sediments  to  TDMUA 
-Hydraulic  Dredging  from  HSb  Mile 

4.0  to  IC  Mile  U.O6 

cu.  yd. 

82,500 

4 

330,000 

16,769,000 

-Dreage  Monitoriny 

SUbTOTAL 

-20%  Contingency 

-15%  Engineering  Uesiyn,  Supervision, 
and  Administrative  Costs 

L.S. 

750.01 

18,4y2, 

3,928,000 

2,774,000 
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Table  II1-2U.  Detailed  Cost  Estimates  for  Alternative  E,  Nithiri-oasin  Diversion  arm 
Removal  of  Contaminated  Sediments  (Continued,  Page  2) 


Description 

Unit 

No.  of 
Units 

Unit 

Cost  (b) 

Estimatea 
Cost  (b) 

TUTrtL  F  UK  OkAGLI NE  UktDGlNu 

(y)  Permanent  Disposal  in  TUMUA' 

(h)  Cultural  Resources  activities 

L  .b. 

24,9u4,UuO 

o,235,GuO 

1 , 17U.00U 

Operation  and  (Maintenance  Costs 

(a)  TDflDA  Long-Term  Maintenance 

yr 

30 

dU,UUU 

l,bUD,UuU 

(b)  Monitoring 
-Disposal  Site  Monitoring 

yr 

3u 

5U,00U 

1, bUu.OuU 

-areawide  Monitoring 

yr 

4 

bUU.UUU 

2,UU0,U00 

TUTrtL  COST  UF  HKUJtCT 

-All  Hydraulic  Dreoymy 
-With  Dragline  Option 

90,67u,0'J0 

91,431,000 

^Suitable  excavated  channel  material  to  be  used  for  dike  construction . 

^bee  Table  111-14,  part  (i)(ii)  tor  itemized  costs  of  pumping  station. 

3;>ee  Table  lll-ll,  part  (a)  for  itemized  TunDA  costs. 

^bee  Table  lll-'U,  part  (d)  for  itemized  critical  overbank  removal  costs. 

’See  Table  111-11,  part  (c)  for  itemized  hydraulic  dredginy  costs, 

lost  shown  is  adjusted  for  Deleting  the  dredging  of  MSB  miles  4.0  to  b.b. 

''bee  Table  I  i  1-11,  part  (e)  for  itemized  permanent  disposal  costs. 
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Table  III-21.  Lost  Summary  for  Alternative  t  (As  Detailed  in  Table  III-2U) 


Dredging  Metnod(s) 
Uti 1 ized 


Total  Estimated  Cost 
(hi  1 1  ions  of  uol 1 ars ) 


All  Hyaraulic  Dredging  90.67 

Dragline  Dredging  between 
Hbb  Wiles  2.4  and  b.b, 

Remainder  Hydraulically 

Dreagea  91.43 


Estimated  Effect  of  Other  Options  on  Cost  Estimate  (Millions  of  Dollars): 


Implement  Noncritical  Overbank  kemoval  Option  in  Reach  a  +  14.57 


-Delete  CarDon  Adsorption  Prom  Return  Hater 

Treatment  System  -  4.16 

-Implement  Mine  Disposal  +  lb. 51 

(Including  Disposal  of  Overbank  Sediments)  +  43.37 

-Delete  Hydraulic  Dredging  of  Keacn  C  -  29.02 

-Delete  Hydraulic  Dredging  of  Reaches  b  and  C  -  40.63 
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Table  IIi-22.  tstimateo  Annual  Expenditures  -  Alternative  E 


Estimated  Annual  Expenditures 

(Millions  of  Dol 1 ars-1980) 

Year  After 
Start  Time 

without  Noncritical 
Uverbank  Mitigation 

With  noncritical 

Overbank  Mitigation 

1 

3.8 

4.6 

1 

3.8 

4.6 

3 

fa.l 

6.5 

4 

13.1 

13.1 

5 

3i.O 

26.6 

6 

11.1 

12.5 

7 

8.3 

10.2 

8 

1.4 

1.4 

9 

5.1 

5.1 

10 

1.8 

1.8 

11-14 

O.b 

O.b 

15-40 

0.1 

0.1 

Average  Annual  Expenditure, 

1980  Dollars  (assuming  an 
interest  rate  of  7.125% 
and  a  project  life  of 

50  years):  6.39 

7.7b 
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9.6.2  Within-basin  Diversion 


The  withlri-basin  diversion  is  discussed  in  Section  5.U  of  this  Appendix. 
9.6.3  Containment  Methods 

In-Place  Coyer--Containrnent  oy  covering  contaminated  sediments  with 
excavated  clay  is  discussed  in  Section  6.3.2  of  this  Appendix. 

Use  of  the  Containment  Area  as  a  Disposal  Site  for  Dredged  tiaterial- -line 
auoitional  containment  option  is  proposed,  that  of  using  the  diked 
containment  area  of  the  witnin-Dasin  diversion  as  a  disposal  area  for 
sediments  dredged  from  the  HSb  and  IC.  This  approach  would  cover  highly 
contaminated  sediments  in  the  containment  area  witn  less  contaminated 
dredged  sediments.  Though  this  alternative  could  theoretically  be 
implemented  with  either  the  out-of-basin  or  the  within-basin  diversions, 
it  is  proposed  only  for  the  latter  due  to  the  much  lower  construction 
costs  of  that  diversion. 

Uisposal  site  desiyn,  construction,  and  operation  would  be  similar  to 
that  described  for  the  TUfoUA  in  Section  3.3,  with  the  site  plan 
modification  illustrated  in  figure  I i 1-20.  Clearing  and  grubbing  of  the 
entire  area  within  the  containment  dike  would  be  required.  The  primary 
containment  area  must  be  graded  to  art  approximately  level  elevation, 
filling  the  HSB  channel  in  the  process.  Contaminated  material  grubbed 
from  the  site  would  be  disposed  of  in  the  low  (formerly  ponded)  area 
adjacent  to  the  primary  containment  area  (see  Figure  III -24 ) .  Water  from 
the  grubbing  disposal  area  would  be  discharged  to  tne  equalization  basin 
by  pump. 

The  total  primary  containment  area  is  approximately  14U  acres  and  will 
accommodate  the  unconsolidated  dredged  material  at.  an  average  final  deptn 
of  8.1  feet.  Desiyn  crest  elevation  of  the  interior  dikes  allows  for  a 
minimum  2  feet  ponded  depth  and  2  feet  of  freeboard.  Approximately 
228, OUU  cubic  yards  of  fill  will  be  required  for  construction  of  interior 
dikes,  amounting  to  1.0  feet  of  cut  over  t tie  primary  containment  area. 

Use  of  this  material  for  dike  construction  is  dependent  on  the  degree  of 
aew^tertng  that  can  be  attained  at  the  site  prior  to  construction.  It 
the  water  table  within  the  containment  area  remains  too  high  to  allow  the 
1  foot  cut,  off-site  borrow  materi al  will  have  to  be  used  for  interior 
dike  construction. 

Dewatering  of  the  dredged  material  and  final  closure  of  the  site  would  be 
conducted  ir.  the  same  manner  as  described  in  Sections  3.4  and  3.S  of  tnis 
Appendix,  respectively. 

Implementation  of  this  alternative  will  be  dependent  on  the  availability 
of  suitable  fill  for  construction  of  the  dikes  aiid  the  final  cover. 

Borrow  requirements  are  approximately  as  follows: 

Diversion/Containment  Dike  606,000  cubic  yards 

(This  yardage  is  required  in 


III-121 


REVISED  APRIL  1984 


excess  of  that  excavated  from  tne 
within  Dasin  diversion  channel.) 

Interior  Dikes  228, DUO  cubic  yaros 

Final  Cover  1,1)50,000  cubic  yards 

TOTAL  1,864,000  cuoic  yards 

The  total  cost  of  this  alternative  will  be  reduced  consioeraoly  if  as 

much  of  this  fill  as  possible  can  be  cbtai-  ed  on-site.  Tne  closest 
apparent  source  of  borrow  is  the  hills  to  .tie  nortn  of  the  containment 
area.  This  area  is  reoorted  to  contain  former  sanitary  landfills  and 
other  kSrt  wastes,  and  has  been  tentatively  designated  by  KSA  officials  as 
unsuitable  for  borrow,  extensive  boring  of  this  area  is  recommended  in 
oraer  to  reconsider  its  suitability  for  borrow  materi al .  The  cost 
savings  of  using  on-site  fil1  as  opposed  to  truck-haul i ng  fill  from 
off -site  is  estimated  to  be  five  million  dollars. 


9.6.4  Dredging  and  Disposal 

Contaminated  sediments  downstream  from  the  containment  area  would  be 
hydraul  ical  ly  dredged  as  discussed  in  Section  3.0. 

9.6.5  Cost  Estimates  for  Alternative  F 


Mitigation  of  Cultural  kesources  Impact--An  intensive  survey  of  the 
impacted  area  by  the  diversion  woulu  take  3  weens  and  cost  about 
$ib,0UU.  Subsequent  testing  and  excavation  of  National  kegister  eligible 
sites  could  take  place  in  eight  .months  at  a  cost  of  about  $350, UOU. 

An  intensive  cultural  resources  survey  should  be  maoe  of  the  dredging 
impact  area  over  an  8  week  period  at  a  cost  of  S8U,UUU.  The  cost  and 
time  for  testing  and  *ull  scale  excavation  by  professional  archaeologists 
of  all  National  kegister  eligible  properties  within  this  area  that  cannot 
oe  avoideo  cannot  be  accurately  estimated  at  this  time.  At  least 
lb  months  and  $725, 00U  will  be  involved. 

Total  cultural  resources  activities  associated  with  this  alternative  will 
take  approximately  2.5  years  at  an  estimated  cost  of  $1,170,U00. 

General --Detai lea  cost  estimates  for  Alternative  F  are  shown  below  in 
Table  III - 23 .  Costs  of  dredging  all  contaminated  sediments  in  Reaches  A, 
8,  and  C  (Figure  II 1-7)  are  included  in  the  estimate.  Estimates  for  the 
option  to  use  the  within-basin  diversion  containment  area  as  a  dredged 
material  disposal  site  are  based  on  using  off-site  borrow  for 
construction  and  closure  of  the  facility.  A  cost  summary  and  the 
estimated  effect  of  various  options  on  the  total  cost  are  given  in 
Table  111-24.  The  time  base  for  all  cost  estimates  is  I960.  The 
estimated  implementation  timeline  and  annual  expenditures  for  Alternative 
F  are  given  in  Figure  111-25,  and  Table  1 1 1-25,  respectively. 
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Table  111-23.  Detailed  Cost  tstimates  t'or  Alternative  K,  Witnin-basin  Diversion  ano 
Containment  of  Contaminated  Sediments 


bescript ion 


Unit 


No.  of 
Units 


Uni  t 

Cost  IS) 


tstirr.ateo 
Cost  {%) 


U)  Using  Tul-iUA 

la)  Witnin-Basin  Diversion  and_ 

Oi version /Containment  Uike^- 

(b)  Snagging  hSB  ana  IC  Channels 

(c)  TDMDa  Construction  ano 
Uperation^ 

(d)  Hydraulic  Dredging  from  Hbt> 
mile  4.0  to  IC  Nile  U.O^ 

(e)  Covering  Channel  Sediments 
between  HSb  Miles  4.u  and  5.b 


18,279,0'  J 
5,704,000 

24, 00b, OOP 

z3,b48,U0U 


l 


Out-of-basin  Diversion 

cu.  ya. 

94,500 

A 

37b, OoO 

-Placement  and  Compaction  of  Cover 

Materi al 

cu.  yd. 

94,500 

3.5 

331, OuO 

-Seeding,  Mulching,  Fertilizing 

Cover 

acre 

17 

50 

22,U0u 

SUBTOTAL 

731 ,u00 

.0%  Contingency 

146,000 

-15%  Engineering,  Legal,  ana 

Administrative  Costs 

110, OUU 

TuTaL 

987,000 

(t)  Covering  of  Critical  Overbank^ 

2,9b5,000 

(g)  Uption  for  lioncritical  Qvercank  Covering 

-Clearing  and  Grubbing 

acre 

lbU 

2,500 

400, OuO 

-Hauling  Cover  Material  from  Oft-Site 

Borrow  Area 

cu.  yo. 

51b, 300 

4 

2,065,u0o 

-Placement  and  Compaction  of  Cover 

Material 

cu.  yd. 

51b, 300 

3.5 

1 ,8u7 ,000 

-Seeding,  Mulching,  Fertilizing 

Cover 

acre 

160 

1,300 

208, 00o 

SUBTOTAL 

4, 480, OUU 

-20%  Contingency 

89b, 000 

-15%  Engineering,  Legal,  ana 

- -  Admin vstrative  Costs 

672,000 

total 

b, 048, 000 

(g)  Permanent  Uisposal  of  Dredged 

Material  in  TOMUa^ 

6,235,000 

SUBTOTAL  USING  TDMDa 

(Excluding  Overbank  Covering  Option) 

79,946,000 

111-125 


REVISED  APRIL  1984 


TdDle  Iii-2j.  Detailed  Cost  Estimates  for  Mlternative  F,  Within-basin  Diversion  ana 
Containment  of  Contaminated  Sediments  (Continued,  Page  2) 


No.  of 

Unit 

Estimated 

Description 

Unit 

Units 

Cost  (S) 

Cost  ($) 

(2)  Uption  to  Use  Containment  Area 

for  Ureuged  Material  Disposal 

(a)  Within-dasin  Diversion  ana 

Diversion/Containment  Dike 

18,279,000 

(b)  Snagging  HSB  and  IC  Channels 

(Adjusted  for  Deleting  HSb  Miles 
4. 0-5. 6) 

5,294,000 

(c)  Disposal  Site  Preparation 
-Site  Acquisition 

0 

-Soil  borings  and  Testing 

1  boring 

&  tests 

20 

1,02b 

21,000 

-Clearing  and  Drubbing 

acre 

325 

2,500 

813,000 

-Site  Grading 

-Dike  Construction  (assuming 

sq.  yd. 

1,573,000 

1.5 

2, JoO.OOU 

Uff-Site  borrow  Material) 

-4b- in.  Pipe  Weirs,  Purchase 

cu.  yd. 

223,000 

7.5 

1,673,000 

and  Install 

each 

15 

5,500 

83,000 

-Groundwater  Monitoring  System 

1  50-ft.  Well 

b 

bOO 

5  '  *'» 

-Leachate  Monitoring  System 

ft. 

2,000 

12 

24, 

-Keturn  Water  Treatment  System 
-Earthern  Clarification  basin 

L.S. 

- - 

“  ”  “ 

6,000,00 

(For  Abo.e  System) 

L.S. 

— 

— 

74,000 

-Fencing 

ft. 

lb, 400 

12 

197,000 

-Access  Koad  (180U  ft.  x  4U  ft.) 

sq.  yd. 

8,000 

5 

40,000 

SUdTOTAL 

11,290,000 

-20%  Contingency 

-15%  Engineering  Design,  Supervision 

2,258,000 

and  Administrative  Costs 

1,694,000 

TOTAL 

15,242,000 

(d)  Disposal  Site  Operating  Cost 

(e)  Hydraulic  Dredging.  HSb  Mile 

7,676,000 

4.0  to  IC  Mile'O.O6 

21,019,000 

(f)  Disposal  Site  Closure 

-Grading,  Compacting  Site 
-Hauling,  Placement,  Compaction, 

sq.  yd. 

1,573,000 

1.5 

2,360,000 

and  Grading  of  Cover  Material 
-Seeding,  Mulching,  Fertilizing 

cu.  yd. 

1,U48,70U 

7.5 

7,865,000 

Site 

acre 

325 

1,300 

423,000 

SUBTOTAL 

10,b48.f"  0 
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Table  III-2d.  Detailed  Cost  Estimates  for  Alternative  F,  toitnin-Basin  Diversion  and 
Containment  of  Contaminated  Sediments  (Continued,  Page  3) 


No.  of 

Unit 

Estimated 

Description 

Unit 

Units 

Cost  ($) 

Cost  (S) 

-20%  Contingency 

-15%  Engineering  Design,  Supervision, 

2,130,000 

and  Administrative  Costs 

1,597,000 

TuTAL 

14,375,000 

SUBTUTaL  FOR  ALTERNATIVE  Id  UbE 

CONTAINMENT  AREA 

AS  DISPOSAL  SITE 

81,8b5,0U0 

(3)  Cultural  Resources  Activities 
Operation  and  Maintenance  Costs 
(a)  Disposal  Site  Long-Term 

L.S. 

1,170,000 

Maintenance  Costs 

yr 

30 

50,000 

1,500,U0U 

(b)  Pumping  Station  Long-Term 

Maintenance  Costs 

yr 

30 

10,000 

300,000 

(c)  Monitoring 
-Disposal  Site  Monitoring 

yr 

30 

50,000 

1,500,000 

-AreaWide  Monitoring 

yr 

4 

500, 0U0 

2,0U0,000 

IuT.AL  COST  USING  TDl'lUA 
(Excluding  Noncritical  Overbarik 

Covering  Option) 

88,316,000 

(Including  Noncritical  Uverbank 

Covering  Option) 

94,364,000 

TuTAL  COST  FOR  ALTERNATIVE  USING 

i  CONTAINMENT  AREA  AS  DISPOSAL  SITE 

88,355,000 

1 


See 

:see 


Table 

Table 

Table 

Table 

Table 


III-2U, 
1 1 1 -11, 
III-ll, 
1 1 1-17, 
l 1 i -11, 


3  See 
^See 
$See 

&This  dredging  cost  is  adjusted 
distance  required. 


part 

part 

part 

part 

part 


(a) 

(a) 

(c) 

(h) 

(f) 


for 

for 

for 

for 

for 


itemized  within-basin  diversion  costs, 
itemizeo  TUMDA  costs, 
itemized  hydraulic  dredging  costs, 
itemized  critical  overbank  covering  costs, 
itemized  permanent  disposal  costs. 

for  deleting  2  booster  pumps  and  the  shorter  pumping 


1 11-127 


revised  April  1984 


Table  I i 1-24.  Cost  Summary  for  Alternative  F  (As  Detailed  in  Table  111-23) 


Disposal  Option 

Implemented 

Total  Estimateo  Cost 
(Mi  1 1  ions  of  Uol 1 ars  j 

Use  TUiiUa 

-exclucnng  overbank  covering  option 
-including  overbank  covering  option 

Use  Wi thin-Basin  Diversion  Containment 

Area  for  Disposal  Area 

8a.  32 

94.3b 

88.3b 

tstimateu  tffect  of  Other  Uptions  on  Cost  Estimate 

(Mil  1  ions 

of  Dollars): 

-Uelete  Carbon  Aasorption  From  Return  Water 

Treatment  System 

- 

4.1b 

-Implement  Mine  Uisposal 

+ 

14.00 

-Delete  Hydraulic  Ureaging  of  Reach  C 

- 

29.02 

-Uelete  Hydraulic  Dredging  of  Reaches  B  and  C 
-Obtain  On-Site  Borrow  Material  for  Construction  and 

Closure  of  Uisposal  Site  Within  the  Containment  Area 

40. b3 

(Suitability  must  be  determined) 

— 

S.U9 
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Table  I i 1-25.  tstimatea  Annual  Expenditures  -  Alternative  F 


Estimated  Annual  Expenditures  Using  witnin-basin 
Diversion  Containment  area  tor  Disposal 
Start  Time  (Millions  of  Pol  1 ars-l989T 


1 

3.9 

2 

3.9 

3 

5.9 

4 

8.3 

5 

8.2 

b 

20.2 

7 

12.0 

8 

5.5 

9 

3.5 

10 

11.0 

11-14 

O.b 

15-40 

U.l 

Average  Annual  Expenditure, 

1980  Dollars  (assuming  an 
interest  rate  ot  7.125% 
and  a  project  life  of 

50  years):  6.50 


10.0  CUlTURaL  KEbUURCtS  IMPACTS 


10.1  INTRODUCTION 

Five  alternative  techniques  are  under  consideration  for  containment  or 
isolation  of  UDTK  containments  in  huntsville  Spring  branch  (HbB).  These 
engineering  alternatives  can  be  simplifiea  with  respect  to  cultural 
resources.  Archaeological  sites  by  their  nature  occupy  specific 
geographic  areas,  and  the  method  whereDy  they  are  disturbed  be  it  by 
dredge  or  dragline,  does  not  matter.  What  does  matter  is  the  fact  of  the 

disruption.  In  considering  the  alternatives  four  geo-jrApbic-araas-iiiiilss - - 

consideration  can  be  evalua\ed  separately.  The  alternatives  can  then  be 
evaluated  according  to  the  geographic  areas  that  will  be  altered.  The 
four  geographic  areas  are: 

1)  Contaminated  Area  (Areas  A-t,  Figure  1 1 1-26) 

Included  in  this  area  are  the  channel  beds  of  Huntsville  Spring  Branch 
below  Patton  Road  and  Indian  Creek  to  the  Tennessee  River,  including 
access  roads  which  will  be  constructed  along  the  south  and  east  banks  of 
Indian  Creek  and  HSB. 

2)  Dredged  Material  Disposal  Sites  (Areas  D  and  E,  Fiyure  1 1 1 -2b ) 

The  primary  dredge  material  disposal  site  (TUMUa)  is  located  on  the 
Arsenal  northeast  of  tne  junction  of  Redstone  Road  and  Patton  Road.  The 
alternate  disposal  site  (Alt  TDMDA)  is  located  just  east  of  the  Arsenal 
and  soutn  of  Redstone  Road. 

3)  Out-of-Basin  Diversion  Corridor  (Area  F,  Figure  1 1 1-26 ) 

The  channel  will  located  along  the  Redstone  Arsenal  boundary  diverting 
the  flow  of  McDonald  Creek  and  Huntsville  Spring  Branch  to  the  Tennessee 
River. 

4)  Within  basin  Diversion  Channel  and  Containment  Dike  (Figure  III -27 ) 

This  consists  of  a  bypass  channel  around  the  area  of  maximum 
contamination.  It  will  divert  the  flow  of  HSB  from  a  point  northeast  of 
Wheeler  Lake  and  channel  it  south  and  west  of  the  contaminated  zone.  In 
order  to  prevent  contaminated  waters  from  flowing  into  the  bypass  channel 
during  periods  of  flooding,  a  containment  dike  will  be  constructed  along 
the  north  side  of  the  channel. 

10.2  IMPACTS  BY  AREA 

In  the  following  paragraphs,  we  shall  consider  the  potential  for  cultural 
resources  being  located  in  each  of  the  proposed  impact  areas,  and  will 
then  attempt  to  evaluate  the  alternatives  in  terms  of  their  probable 
effect  on  archaeological  sites. 
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a  former  lake  will  almost  surely  be  found  to  contain  archaeological 
sites. 

10.2.3  Out-of-Basin  Diversion  lorrioor  (Area  K,  Figure  III -2b ) 

This  requires  the  construction  of  a  diversion  cnannel  to  divert  the  tlo.-. 
of  HSb  and  McDonald  Creek  away  from  the  contaminated  3rea  (Figure  II1-2C, 
Area  F).  This  channel  will  intersect  FH SL>  and  McDonald  Creek  at  some 
point  above  the  contaminated  area  and  will  divert  them  into  the  Tennessee 
River. 

Ten  archaeological  sites  fall  directly  within  tne  impact  zone.  These 
include  sites  lMa33/b(J,  133,  14U,  141,  157,  158,  159,  lb2,  20y,  and  21b. 
An  additional  tour  sites  lie  in  close  proximity  to  the  corridor,  and  any 
of  them  might  be  affected  oy  construction.  These  sites  include  lMalb2, 
lbb,  2 lu,  and  217. 

Two  sets  or  alternate  alignments  nave  been  suggested,  in  tne  northern 
portion  of  the  route,  tne  diversion  canal  woulo  intersect  MSB  at  one  of 
two  locations.  The  easternmost  alternative  would  impact  site  lHa209, 
while  the  western  alternative  would  impact  site  lMaib2.  These  are  the 
only  two  sites  Known  to  occur  along  tnese  alternate  sections. 

To  tne  south,  two  alternate  routes  have  been  suggested  for  bypassing 
bate  3  at  the  Arsenal.  The  easternmost  alternative  would  pass  very  close 
to  site  lMa2lb,  while  the  westernmost  route  would  pass  rather  close  to 
site  lf<iaL52. 

Sites  likely  to  be  impacted  which  appear  to  De  of  National  Register 
significance  include  ltoa33/50,  133,  140,  141,  lbo,  162,  209,  and  210. 

The  proposed  route  passes  through  ootn  the  Upland  and  the  Tennessee  River 
Settlement  Zones.  Consequently,  this  route  has  the  maximum  potential  for 
impacting  every  type  of  site  known  in  t.he  region.  Also,  it  is  probable 
that  additional,  undiscovered  sites  lie  within  the  corridor.  This  is 
especially  true  of  areas  adjacent  to  the  boundary  Canal  where  zones  of 
ttowaii  silt  loam  or  silty  clay  loam,  Uecatur/Cumber land  silty  clay  loam, 
Captina  and  Capshaw  loams,  Uoltewah  silty  loam,  Linside  silty  clay  loam, 
or  Allen  fine  sandy  loam  occur  near  the  water.  In  the  northern  portion 
Of  the  corridor,  additional  limited  activity  sites  and  possibly  base  camp 
sites  may  occur.  It  is,  however,  unlikely  that  additional  mound  or  mound 
and  village  sites  lie  along  this  corridor  within  the  Tennessee  kiver 
Settlement  Zone. 

More  known  archaeological  sites  occur  within  this  proposed  corridor  than 
along  any  of  the  other  alternate  alignments,  however,  more 
archaeological  survey  work  has  been  completed  in  this  area,  and  it  is  a 
reasonable  assumption  that  the  greater  nemoer  of  sites  is  a  direct 
consequence  of  the  intensity  of  the  survey.  Additional  investigations 
along  other  alignments  would  doubtless  even  tne  numbers. 
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In  conjunction  with  the  out-of-basin  aiversion  route  there  will  oe  floco 
control  levees  (Figure  II I -2b,  Area  ii)  which  will  prevent  store:  flows 
from  utilizing  trie  original,  contaminated  stream  bed.  fms  proposed  area 
encompasses  two  Known  archaeological  sites,  iMalz/  and  IJa.  Construction 
of  the  aiversion  dike  and  tne  elevation  of  Patton  koaa  will  affect  a 
sizeable  area  in  the  vicinity  of  Hbts,  it  is  quite  possiDle  tnat 
additional,  undiscovered  archaeo logical  sites  will  he  impacted.  Tnere  is 
a  hign  probability  tor  botn  limited  activity  sites  and  nrcnaic  or 
Woodland  base  camps  in  trie  construction  zone. 

10.2.4  within-Basin  Diversion  Channel  ana  Containment  Pike 
(Figure  ill-27) 

Only  one  presently  known  archaeological  site  lies  in  tne  zone  of 
potential  impact  (Figure  II 1-27).  This  site  is  lhai.34,  a  small  litnic 
scatter,  although  site  Inal 34  is  the  only  site  located  oirectly  within 
tne  proposed  construction  zone,  six  sites  exist  in  close  proximity  to  the 
channel  or  containment  dike.  Tnese  sites  induce  lMal07,  118,  119,  12U, 
121,  and  127. 

The  witnin-basin  diversion  aspect  would  impact  a  signnicantly  smaller 
area  than  tne  out-of-basin  diversion,  accordingly,  tne  potential  for 
damage  to  archaeological  sites  is  reduced,  also,  tnis  plan  would  not 
impact  sites  in  the  Tennessee  River  Settlement  Zone,  tnus  reducing  the 
probability  of  encountering  large  mound  or  mound  and  village  sites  of  the 
Woodland  and  Mississippian  periods. 

Most  or  the  sites  presently  known  in  tnis  corriaor  consist  of: 
l)  limited  activity  sites,  and  2)  historic  house  sites  locateo  on  riuge 
crests  or  lower  ridge  slopes  along  the  northwest  snore  of  HSb.  However, 
numerous  zones  of  Etowah  silt  loam  or  silty  clay  loam,  Captina  and 
Capshaw  silt  loams,  and  Uoltewah  silt  loam  occur  near  the  south  shore  of 
HSb  .  These  locales  are  highly  prooaole  locations  for  prenistoric  sites, 
particularly  Archaic  and  Woodland  limited  activity  sites,  and  possibly 
base  camp  sites.  Cither  likely  locations  for  prehistoric  sites  are 
elevated  knolls  of  Etowan  and  Captina-Capshaw  soils  in  the  vicinity  of  an 
old  oxbcw  on  the  eastern  margin  of  the  impact  area. 

The  proceeding  geographic  areas  can  be  associated  with  the  five 
engineering  alternatives.  As  displayed  in  Table  III-2b,  Column  1, 
geographic  areas  listed  in  Column  2  with  site  information  in  Column  34bo. 

1U.3  MlTIbATION  BY  AREA 

based  on  the  results  of  our  investigations,  the  significance  of  each  site 
was  evaluated  in  terms  of  criteria  for  eligibility  for  listing  in  tne 
National  Register  of  Historic  Places.  In  making  our  tavaluations ,  we 
relied  upon  these  and  other  criteria  listed  iri  the  guidelines  published 
in  the  Advisory  Council's  Procedures  for  tne  Protection  of  Historic  and 
Cultural  Properties  (36CFR  800. 10).  Al though  the  specific  details  vary 
for  each  site,  the  evaluations  are  of  two  general  types:  either-  a  site 
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is  deeded  significant,  and,  therefore,  eligible  for  listing  in  the 
Register,  or  it  is  not. 

It  a  site  nas  oeen  subjected  to  testing  and  a  background  researcn,  ana  is 
considered  not  to  be  eligible  for  the  Kegister,  then  no  additional 
archaeological  work  is  warranted,  on  toe  other  nand,  it  a  site  appears 
Significant  in  terms  ot  the  guidelines  noted  above,  further  worx  or 
mitigation  is  in  order. 

In  specific  terms,  the  recommendations  fall  into  four  categories,  two  in 
which  no  additional  action  is  suggested,  ana  two  in  wnich  mitigative 
measures  are  deemed  appropriate,  no  additional  work  is  recommenoea  at: 

(1)  recent  historic  sites, 

(Z)  liyht  lithic  scatters  without  integrity; 

ana  mitigative  measures  are  appropriate  at: 

(1)  sites  deemed  eligible  for  the  Register  Decause  of  in  situ 
cultural  deposits,  and 

( Z )  sites  with  heavy  artifact  densities,  wnere  weather  prevented 
completion  of  all  of  our  testing  procedures. 

1.  Historic  sites  that  are  fifty  years  of  age  or  less  are  not  eligible 
for  inclusion  in  the  national  Kegister.  These  sites  consist  of 
standing  structures  of  recent  date,  or  artifact  scatters  of  modern 
debris.  Lven  if  some  of  these  structures  were  actually  constructed 
before  I'iZ'J  ,  they  constitute  a  small  element  of  a  very  widespread 
rural  settlement  pattern.  Similar  structures  and  sites  are  to  be 
found  over  a  large  portion  of  northern  Alabama,  and  it  would  be 
extremely  difficult  to  argue  that  the  sites  are  of  significance  in 
terms  of  being  unique,  or  offering  the  possibility  ot  advancing 
scientific  knowledge. 

2.  Light  scatters  of  very  low  artifact  density  are  found  in  profusion  in 
the  Tennessee  kiver  Valley.  Although  such  sites  formed  part  of  a 
more  complex  settlement  system,  and  deserve  thorough  study,  present 
archaeological  techniques  for  dealing  witn  low-density,  shallow  sites 
are  poorly  developed.  Such  sites  are  most  commonly  found  in  plowed 
fields,  where  discovery  is  enhancea  by  the  disturbance,  but  while 
aiding  aiscovery,  the  cultivation  also  destroys  site  integrity.  Ueep 
deposits,  such  as  pits  or  postmolds,  may  survive  below  the  plowzone 
at  these  sites,  and  our  testing  procedures  were  designed  to  locate 
such  undisturoed  deposits,  but,  at  sites  where  testing  tailed  to 
reveal  evidence  of  subsurface  features,  the  only  remaining  suitable 
and  cost-effective  data  recovery  technique  is  surface  collection. 
Controlled  surface  collections  were  not  a  part  of  our  work  plan,  hut, 
at  small  sites,  the  systematic  collection  intervals  along  tne  radial 
transects  provide  an  adequate  sample  or  site  contents.  In  such 
cases,  we  ao  not  feel  that  additional  investigations  would  oe 
productive,  given  present  archaeological  techniques. 
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3.  Sites  considered  el i g i d le  for  listing  in  the  National  Register  of 
Historic  Places  require  protection.  Prehistoric  sites,  at  which 
intact  deposits  are  found  offer  an  excellent  opportunity  to  advance 
the  knowledge  of  prehistoric  cultural  development  in  the  Tennessee 
River  Valley.  Also,  each  site  must  be  sufficiently  unique,  within 
r he  project  corridor,  that  it  would  not  be  possible  to  group  them, 
and  recommend  a  single  sample  for  listing  in  the  Register. 

4.  At  a  number  of  sites,  our  investigations  failed  to  show  evidence  of 
intact  deposits.  In  this  group,  one  of  several  factors  leads  us  to 
recommend  additional  worn.  At  several  of  the  larger  sites,  the 
radial  transect  collections  served  to  define  site  boundaries,  but 
resulted  in  a  controlled  collection  from  only  a  very  small  percentage 
of  the  site  area.  At  such  sites,  particularly  those  with  an  artifact 
density  sufficient  to  suggest  an  occupation  of  greater  duration  than 
a  single  flaking  incident,  we  feel  that  a  controlled  surface 
collection  is  warranted.  Such  collections  would  produce  a 
representative  sample  of  artifacts  for  dating  purposes,  and  could 
also  provide  information  allowing  the  delineation  of  discreet 
activity  loci  and/or  the  horizontal  separation  of  temporal 
components.  Perhaps,  more  importantly,  extremely  wet  conditions 
prohibited  stripping  of  the  plowzone  at  several  sites  in  this 
category.  At  such  sites,  our  one-meter  by  one-meter  test  pits  and 
limited  augering  simply  did  not  expose  an  adequate  area  to 
confidently  rule  out  the  possibility  of  subsurface  features  .  In 
these  cases,  we  must  suggest  that  a  portion  of  the  plowzone  be 
stripped  at  tne  sites,  in  order  to  confirm  the  presence  or  absence  of 
intact  deposits  which  might  make  the  Site  eligible  for  inclusion  in 
the  National  Register. 

10.3.1  Contaminated  Area  (Areas  A-C,  Figure  1 11-26) 

Dredging  of  contaminated  materials  from  this  area  is  potentially  the  most 
significant  engineering  aspect  of  the  entire  project.  Dredging  will 
involve  direct  impact  to  an  extremely  large  number  of  high  probability 
locations  along  the  shore  of  the  streams.  In  addition  to  tne  potential 
for  encountering  a  host  of  unreported  sites  along  the  shoreline,  there  is 
the  problem  of  sites  inundated  by  waters  of  the  Wheeler  Reservoir.  We 
have  no  way  to  accurately  predict  how  many  sites  located  in  the  alluvial 
bottomlands  of  Indian  Creek  and  HS3  are  now  covered  by  the  Reservoir's 
waters.  However,  we  do  know  that  sites  occur  in  profusion  on  very  slight 
elevations  along  all  of  the  streams  in  our  study  corridor.  The 
elevations  are  so  slight  that  many  would  have  been  submerged  in  the 
Reservoir.  Thus,  the  dredging  will  not  only  impact  a  large  number  of 
high  probability  locations,  but  it  also  would  affect  a  large  zone  in 
which  site  potential  cannot  be  predicted. 

ns  road  and  dredging  corridors  are  agreed  upon,  an  intensive  fielo  survey 
will  be  required  to  locate  sites  both  previously  recorded  and  new  sites. 
Sites  that  will  be  impacted  (there  are  f;ine  recorded  to  date)  will 
require  intensive  excavations  to  determine  their  eligibility  for 
inclusions  in  the  National  Register  Category  3  in  the  above  discussion. 
The  amount  of  dredging  activities  will  be  a  direct  factor  in  the  area 
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requiring  survey  or  mitigation,  a  5U%  reduction  in  the  dredged  area  will 
produce  a  similar  reduction  in  the  level  of  cultural  resource  impact  and 
tiie  need  for  survey  mitigation.  The  most  difficult  aspect  within  this 
area  will  tie  location  of  significant  sites  inundated  by  the  Wheeler 
Keservoir.  Tnis  will  require  an  inovative  sampling  procedure  to  locate 
these  now  underwater  sites. 

10.3.2  Dredged  Material  Disposal  Sites,  (areas  D  k  E,  figure  111-26) 

The  primary  disposal  site  location  Area  U  has  not  been  subjected  to  an 
intensive  archaeological  survey.  At  present  one  site  is  reported  for  the 
area  and  there  is  a  strong  possibility  of  additional  sites  within  the 
proposed  area.  The  one  reported  site  IMAI^  will  require  evaluation,  as 
will  all  sites  recorded  in  the  intensive  survey. 

The  alternative  disposal  site  Area  E  has  been  surveyed  in  the  northern 
section  as  part  of  the  reconnaissance  level  survey.  Three  sites  were 
located,  all  prehisotric  lithic  scatters.  None  is  eligible  for  listing 
on  the  National  Register  of  Historic  Places,  Category  3,  and  no 
additional  work  will  be  necessary  in  Category  4.  The  southern  section 
will  require  an  intensive  survey.  All  located  sites  will  require 
National  P.egister  eligibility  determination. 

1U.3.3  Out-of-Basin  Diversion  Channel  ana  Dikes,  (Areas  F  &  6, 

Figure  1 ll-26) 

Area  F  falls  within  the  area  delimited  for  the  reconnaisance  level 
survey.  This  survey  was  designed  to  produce  a  predictive  model.  As  a 
result  the  entire  area  was  not  suojected  to  an  intensive  level  of 
investigation,  and  will  require  additional  work  to  fill  these  gaps.  Mt 
present  there  are  eight  sites  which  appear  to  be  of  National  kegister 
significance,  Category  3  and  4.  Additionally,  sites  located  during  the 
intensive  survey  will  require  National  Register  evaluation.  The  amount 
of  mitigation  required  tor  this  are  is  high  for  two  reasons: 

1)  intensity  of  previous  survey  work  and  2)  tne  high  level  of  cultural 
occupation  in  the  impact  area. 

Area  6  includes  flood  control  levees  that  have  not  been  subjected  to 
intensive  archaeological  survey,  which  will  have  to  be  completed.  The 
sites  located  during  the  survey  and  the  two  previously  recorded  sites 
will  require  excavation  to  determine  their  National  kegister 
significance. 

ID. 3.4  Within-Basin  Diversion  Channel  and  Containment  Dike 
(Figure  i 1 1-27)  ' 

This  area,  like  HS3  Area  A  which  it  shares  has  not  been  subjected  to  an 
intensive  level  survey.  The  area  includes  seven  known  sites  that  will 
also  be  impacted  by  Area  A.  Six  of  these  sites  are  periphery  or  of  an 
undetermined  exact  location  and  will  have  to  be  relocated  and  evaluated 
for  National  Register  eligibility.  The  seventh  site  falls  in  the  direct 
construction  area  and  will  require  evaluation. 
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x0.4  IMP  ALTS  aNU  MITibATIUN  FOR  EACH  ALTEkNATIVE 


based  on  the  preceding  evaluation  a  matrix  Table  has  oeen  con¬ 

structed  correlating  engineering  alternatives  witn  geographic  areas, 
documented  sites.  National  Kegister  eligible  sites,  potential  tor  site 
location  and  total  number  of  sites  tnat  will  be  impacted.  First  it  can 
be  noted  that  hbb  keacn  A-b,  and  Indian  Creek  Keacn  C  will  all  be 
impacted  in  all  the  engineering  alternatives.  Use  of  eitner  of  the  two 
out-of-Dasin  disposal  sites  will  impact  relatively  small  areas  but  still 
with  a  nigh  probability  tor  site  location,  uut-ot-basin  diversion  lo-F) 
in  degree  ot  impact  approaches  that  of  dredging.  Out-of-basir;  diversion 
occurs  in  both  alternatives  (.'  and  U.  as  a  result  these  two  alternatives, 
from  a  cultural  resouce  standpoint  are  the  most  oamaging.  Alternative  t 
and  F  which  include  within-basin  diversion  are  the  least  damaging, 
particularly  when  Alternative  F  which  includes  containment  of  contami¬ 
nated  materials  within-oasin.  The  within-basin  diversion  will  overlap 
some  ot  the  areas  requiring  survey  in  Area  A.  Finally,  it  must  be  notea 
tnat  none  of  trie  areas  associated  with  their  particular  alternatives  have 
been  completely  surveyed.  The  proceeding  information  is  all  derived  from 
the  predictive  site  model  conducted  in  the  area  of  tne  proposed  diversion 
channel . 

li.U  ENVIRONMENTAL  IMPACTS  oF  THE  ALTEkNATIVES 

11.1  INTHUuUCTION 

The  various  alternatives  can  each  be  considered  a  group  or  tasks,  or 
actions.  Lacn  of  the  tasks  is  usually  a  component  of  more  than  one 
alternative.  To  prevent  the  reiteration  of  identical  impacts  from 
alternative  to  alternative,  the  predicted  impacts  are  discussed  herein  on 
a  task  by  task  basis.  The  total  series  of  impacts  for  each  alternative 
will  then  be  briefly  outlined,  summarized,  ano  compared. 

11.2  URtllblnb  AND  DISPOSAL 

Dredging--The  impacts  of  dredging  and  disposal  can  be  characterized  as 
being  associated  with  (a)  roao  construction,  (b)  mechanical  removal  of 
sediments  and  snag  habitats,  and  (c)  water  quality  degradation. 

Total  roadway  to  be  constructed  amounts  to  about  6S,3UU  linear  feet,  or 
bb.7  acres.  Alnost  40  percent  of  this  acreage  is  occupied  by  aquatic  or 
wetlano  habitats;  specifically  open  water,  buttonbush  swamp,  bottomland 
hardwood  swamp,  and  floodplain  nardwood  forest.  These  are  among  the  mosc 
valuable  of  the  site's  habitats  to  wildlife,  by  providing  fruit  arid  mast 
for  autumn  and  winter  toocs.  wildlife  species  whicn  may  be  directly 
affected  by  this  loss  are  turkey,  deer,  opossum,  raccoon,  red  and  gray 
fox,  squirrels,  ana  other  rodents.  Many  of  these  are  game  species. 

Approximately  one-half  of  the  total  "edge"  naoitat  along  Huntsville 
Spring  branch  and  Indian  Creek  oeti.een  Patton  Koad  and  the  Tennessee 
River  will  be  severely  altered  by  construction  of  tne  road.  Virtually 
all  existing  vegetation  will  oe  removed  to  allow  worxing  room  for  the 
dredge*,  uuring  dredging  operations,  "pioneer"  plant  species  will 
colonize  the  denuded  stream  bank,  m  probably  lesser  densities  than  tne 
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Table  III-26.  Cultural  Resource  Matrix 


Table  111-26.  Cultural  Resource  Matrix  (Continued,  page  2) 
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original  native  vegetation.  This  habitat  will  receive  some  (mostly 
nocturnal)  wildlife  use.  If  subsequently  managed  to  allow  natural 
vegetation  to  occupy  the  bank,  its  present  wildlife  values  will  return 
over  time.  If  the  ban*  is  grassed  and  mowed,  this  will  represent  a 
long-term  loss  of  valuable  habitat  and  wildlife,  since  it  is  a  habitat 
for  ootn  upland  and  wetland  plant  species  ano  it  receives  more  insolation 
than  the  floor  c‘  tne  adjacent  forests,  and  productivity  ano  density  of 
tne  edge  haoitat's  snrub  and  herb  layers  is  greater  than  in  the  forests. 
It  is  therefore  useful  to  wetland  and  upland  wildlife  as  a  travel 
corridor,  as  resting  cover,  and  as  nesting  ana  feeding  habitat,  another 
point  ot  concern  is  that  removal  of  much  of  the  vegetation  and  placement 
of  a  gravel  roadway  alongside  of  the  stream  will  increase  erosion  along 
the  stream  channel  due  to  a  reduction  of  soil  holding  capacity.  This 
could  lead  to  increased  OUT  exposure  ano  transport  from  contamination 
along  this  bank  if  UJT-contaminated  areas  in  the  adjacent  channel,  bank 
or  overoank  are  missed. 

Mechanical  removal  of  259  acres  of  sediments  and  snags  associated  with 
UUTK  removal  will  result  in  the  loss  of  aufwucns  communities,  macroin¬ 
vertebrate  populations,  fish  and  wildlife  habitat,  and  perhaps  some 
submerged  vegetation.  Aufwucns  communities,  which  consists  of  attached 
algae,  bacteria,  protozoa  and  fungi,  organic  detritus,  silt,  and  clay, 
exist  as  a  thin  veneer  which  coats  the  1 ight-recei vi ng  surfaces  of 
submerged  snags  and  sediments.  Aufwuchs  communities  can  have  high 
productivities,  higher  than  phytoplankton  or  macrophyte  communities. 

They  may  not  be  so  important  in  the  hignly-turbid  stream  system  of  this 
study,  but  since  they  were  not  sampled  this  cannot  be  stated  with 
certainty.  Aufwuchs  communities  also  provide  suitable  haDitat  for  a 
variety  of  macroinvertebrates,  and  are  grazed  by  certain  ampnibian  larvae 
and  fish.  These  communities  can  be  expected  to  become  reestablished  on 
tne  benthic  substrate  following  dredging  activities,  but  snag  removal 
represents  a  long-term  loss  of  substrate  for  plant  productivity. 
Macroinvertebrate  populations  also  exist  on  snags  and  in  the  bottom 
substrate.  Benthic  macroinvertebrates  exist  in  moderate  to  low  densities 
within  the  affected  streams,  bnag-dwel 1 ing  macroinvertebrates  were  not 
quantified  in  this  survey.  Macroinvertebrates  provide  food  sources  for 
fish  and  other  wildlife  species.  The  loss  of  snags  from  the  stream 
system  will  have  a  long-term,  detrimental  effect  on  snag-dwelling 
macroinvertebrates.  Benthic  rnacroinvertebrates,  however,  should 
recolonize  within  a  year  or  two  (Hirscn,  et  al_. ,  1978).  Snags  are  among 
the  most  valuable  of  stream  habitats  to  fTsh  and  wildlife,  by  providing 
food  (aufwuchs  and  rnacroinvertebrates) ,  cover,  and  respite  from  stream 
currents.  Unless  uncontaminated  snags  are  replaced  subsequent  to 
dredging  of  contaminants,  this  will  represent  a  significant  long-term 
loss  to  the  Huntsville  Spring  Branch  and  Indian  Creek  stream  system. 

The  removal  of  contaminated  organisms  will  result  in  the  removal  of  some 
DUTK  from  the  system;  however,  as  pointed  out  in  Appendix  II, 

Section  3.3,  the  UJTK  removed  via  organisms  will  be  very  small  in 
relation  to  the  total  quantity  in  the  system. 

Fish  will  be  affected  more  after  the  dredging  is  completed  than  while  it 
is  in  operation.  During  clearing  and  dredging  of  the  channel,  fish  will 
probably  migrate  downstream  to  avoid  the  sediment  plumes  created  by 
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clearing  debris  and  dredging,  and  to  avoid  the  disturbance  and  noise  of 
the  operations.  Unce  these  operations  are  completed,  the  fish  will  mi¬ 
grate  back  and  may  be  affected  in  several  ways.  For  several  years  there 
will  probably  be  reduced  food  availabie  in  the  dredged  areas.  Available 
food  may  have  residual  UUTK  levels  due  to  contaminated  sediments  not  com¬ 
pletely  removed  by  dredging.  There  will  also  be  a  marked  reduction  in 
habitats  for  juvenile  fish  since  the  productive  shallow  areas  in  and 
along  the  edges  of  the  dredged  portions  of  HSB  and  It  will  have  oeen 
dredged  to  a  depth  of  at  least  2  feet. 

The  effect  on  aquatic  plants  of  dredging  in  HSB  and/or  It  would  be  very 
nominal  since  duckweed  is  the  only  vascular  plant  found  to  any  extent. 
Duckweed  has  been  shown  to  very  rapidly  adsorb  DDT  from  surface  films  and 
also  from  the  water  (Meeks,  1968).  Removal  of  contaminated  sediments 
will  reduce  the  burden  of  pesticide  in  this  plant  species.  This  is 
important  since  it  is  a  source  of  food  for  Sora  Rail  and  several  species 
of  ducks  which  are  found  in  the  area,  most  notably  the  Wood  Ducks. 

Dredging  will  be  required  at  least  in  the  approximately  2b  acres  of 
critical  overoank  area  within  Reach  A  in  addition  to  dredging  of  the  HSb 
channel.  This  acreage  is  entirely  in  wetland  habitats;  specifically 
buttonbush  swamp,  floodplain  hardwood  forest,  and  bottomland  hardwood 
swamp.  These  are  habitats  important  to  terrestrial  and  wetland  wildlife 
species.  However,  as  much  as  60  percent  of  the  DDTR  in  the  HSB-lC  system 
may  be  located  in  tnis  relatively  small  area. 

Water  quality  will  be  degraded  to  some  extent  by  turbidity  ano  by 
suspension  of  DDTR.  The  turbidity  plume  is  not  expected  to  be  of  large 
size.  The  majority  of  the  plume  will  move  downstream  and  settle  to  the 
channel  bottom.  This  short-term  increase  in  downstream  DDTR  contamina¬ 
tion  will  be  subsequently  removed  as  the  dredge  progresses  downstream, 
bee  Sections  3.2.3  and  3.4.7  for  additional  information  on  turbidity 
generation  by  dredging. 

In  close  proximity  to  the  dredge,  the  plume  will  shade  benthic  macro¬ 
invertebrate  and  benthic  aufwuchs  communities,  thus  reducing  produc¬ 
tivity.  Phytoplankton  will  be  affected  less  than  zooplankton  and  much 
less  than  benthic  organisms  by  suspended  DDTR,  as  snowri  by  Hurlbert 
(1976),  since  the  DDTR  will  remain  suspended  for  a  relatively  short 
period  of  time  before  it  settles  to  the  bottom  again.  However,  the  Uu T 
in  solution  could  affect  the  phytoplankton  since  they  can  concentrate  it 
over  1,000  times  the  water  concentration  (Hurlbert,  1975).  As  noted  in 
Section  S.6  of  Appendix  I,  tnis  may  have  an  effect  on  growth  morphology 
and  photosynthesis.  Due  to  the  snorter  generation  time  of  phytoplankton, 
algal  blooms  could  occur  if  the  suspended  DDT  reduces  the  zooplankton 
levels  (Hurlbert,  1975).  In  general,  any  effect  on  the  plankton  should 
only  be  temporary  since  recolonization  will  continually  take  place  from 
upstream  of  the  dredging  operations. 

Some  DDTR-contaminated  material  may  be  left  along  the  dredged  channel. 
This  material  will  affect  benthic  organisms  recolonizing  the  bottom  until 
covered  with  uncontaminated  sediments.  This  effect  should  be  less  than 
that  presently  occurring. 
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Ir  the  entire  overbanx  area  witnin  Reach  m  is  dredgeo,  the  environmental 
.ipact  would  be  more  extensive,  kemoval  of  all  trees  and  plants  from 
this  area  would  result  it.  a  large  loss  ot  wildlife  habitat,  kevegetation 
ano  recovery  would  be  slow  due  to  removal  ot  three  teet  ot  topsoil. 

There  may  also  ue  a  significant  increase  in  suspended  solids  in 
huntsville  Spring  branch  due  to  erosion  in  the  area  until  such  time  that 
the  overbarix  could  oe  stabilized. 

Dredging  of  contaminated  sediments  will  require  that  tne  water  level  in 
wheeler  Reservoir  be  lowered  more  rapidly  than  is  presently  done,  and 
that  the  water  level  be  maintained  a  toot  lower  during  the  following 
summer  if  necessary,  to  facilitate  dredging  contaminated  sediments  from 
Indian  Creex  and  Huntsville  Spring  Branch.  Within  the  Tennessee  kiver 
the  reservoir's  banks  are  relatively  steep,  so  that  lowering  the  level 
one  foot  should  reduce  the  surface  area  relatively  little.  Also,  the 
biota  present  is  already  adapted  to  changing  water  levels.  Therefore, 
the  impacts  of  tnese  water  level  manipulations  shoulo  have  little  adverse 
effects  on  Tennessee  kiver  biota.  These  water  level  manipulations  will 
affect  trie  backwater  areas  within  the  wheeler  National  Wilolife  Refuge 
(whWkj  to  a  greater  extent.  Since  tnese  oackwaters  are  shallower,  larger 
areas  will  become  exposeo  in  tne  autumn  ano  winter  than  would  normally. 
These  "muoflats"  become  quickly  vegetated  with  rushes  and  other 
graminoios,  and  are  the  main  attraction  to  overwintering  ducks  and  geese. 
Said  water  level  lowering  may  therefore  actually  benefit  these  waterfowl 
lAtkeson,  i960).  fisheries  production  in  the  shallow  bacxwaters  shoulu 
De  little-affected  by  cropping  the  water  level  sooner  ano  more  quickly. 
Maintaining  tne  water  level  a  foot  lower  the  following  spring  and  summer 
should  also  cause  little  harm  to  fish  populations,  since  there  shoulo  be 
sufficient  backwater  shallows  for  spawning  to  occur  (Hooper,  1980). 
Lautiori  must  be  taken  not  to  raise  the  water  level  in  the  spring  to 
556  feet  msl  and  then  to  lower  it  back  to  555  feet  msl.  This  could 
result  in  stranding  ot  spawning  fish  and  nests,  which  would  be 
detrimental  to  fish  populations.  Also,  for  protection  of  bass  fisheries 
productivity,  the  drawdown  should  be  delayed  until  mid-dune,  since 
bedding  fish  could  be  trapped,  and  nests  destroyed,  by  falling  water 
levels. 

Bathymetric  data  (Seawell,  1980)  indicates  that  the  1-foot  temporary  drop 
will  reduce  the  reservoir  surface  area  by  about  2,190  acres  from  a  total 
of  61,190  acres,  a  loss  of  3.6  percent.  The  amount  of  fish  spawning  and 
nursery  acreage  was  not  determinable  at  this  time,  so  an  accurate 
estimate  of  the  loss  or  yain  in  habitat  was  not  possible.  However,  it  it 
is  assumed  tnat  the  primary  habitat  is  six  feet  or  less,  the  bathymetric 
data  indicates  there  would  be  a  loss  of  38u  acres  of  water  less  than  six 
feet  deep.  This  represents  a  temporary  loss  of  2.3  percent.  This  loss 
is  considered  to  be  insignificant  if  it  occurs  for  no  more  than  two  years 
(Hooper,  1980;  Lawson,  1980). 

Two  options  are  being  considereo  tor  disposal  of  the  contaminated  dredgeo 
material.  These  are  (1)  the  channel  of  Huntsville  Spring  Brancn  between 
Miles  2.4  to  5.7,  which  could  be  employed  in  Alternative  F;  and  (2)  t tie 
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The  dike  and  drainage  channel  will  displace  about  11.3  acres  of  aquatic 
and  wetland  habitats,  and  27.1  acres  of  uplands.  The  western  dike  and 
canai  will  run  along  the  edge  of  the  floodplain,  disturbing  a  minimal 
amount  of  aquatic  and  wetland  habitat.  However,  it  will  also  serve  as  a 
partial  barrier  to  wildlife  attempting  to  move  back  and  forth  between  the 
uplands  and  lowlands.  This  effect  is  not  altogether  detrimental  to 
wildlife,  since  the  lowlands  removed  from  their  range  is  a  contaminatea 
one,  and  the  slope  of  the  dike  will  be  3:1. 

Lxcluding  HSb  from  keacn  A  (Patton  Road  to  Uodd  Road)  by  constructing  the 
western  containment  dike  will  result  in  lowered  water  levels  within  the 
reach.  Lowering  will  be  most  pronounced  in  areas  adjacent  to  the 
channel.  The  vegetation  will  respond  by  shifting  to  species  preferring 
drier  situations.  There  are  five  wetland  and  aquatic  plant  communities 
witnin  the  floodplain  of  Reach  A,  existing  along  a  continuum  from 
relatively  dry  to  wet.  These  are:  the  natural  levee  association,  the 
floodplain  association,  the  bottomland  hardwoods  association,  tne 
buttonbush  community,  and  the  open  water  areas.  The  levee  association 
may  see  introduced  a  number  of  uplano  species,  such  as  loblolly  pine, 
redbud,  red  cedar,  and  smooth  sumac.  The  floodplain  association  should 
tend  to  shift  from  maple-ash  dominants  to  one  occupied  by  a  wider  variety 
of  mesic  species,  such  as  oaks,  (swamp  chestnut,  willow,  water  and 
cherrybark),  elms  (American  ana  winged),  hackberry,  black  cherry,  dogwood 
anu  redbud.  The  bottomland  hardwood  association  occurs  in  depressions 
witnin  the  floodplain,  and  should  remain  relatively  wet.  However, 
without  periodic  flooding  from  HSB  overflows,  water  levels  should  be 
generally  lower  relative  to  present  conditions.  While  the  wetland 
species  (green  ash,  water  tupelo  and  red  maple)  should  continue  to 
predominate,  other  species  could  also  invade.  These  may  include 
sweetgum,  black  willow  and  blue  beech.  The  buttonbush  association  occurs 
where  the  water  is  too  deep  to  prevent  the  establishment  of  bottomland 
trees.  With  lower  water  levels,  several  species  should  be  able  to 
colonize  the  shallower  portions.  These  include  water  tupelo,  green  ash, 
and  red  maple.  The  open  water  areas  will  be  reduced  in  extent.  Since 
HSb  floodwaters  will  cease,  the  levels  of  suspended  clays  and  organic 
detritus  may  be  lowered  sufficiently  to  allow  the  growth  of  submerged 
aquatic  plants  in  the  open  water  areas.  In  general,  lowered  water  levels 
should  increase  aquatic  plant  diversity  in  each  of  the  affected  plant 
associations,  and  may  also  increase  aquatic  plant  density. 

Terrestrial  and  avian  wildl’fe  would  be  benefited  by  this  change, 
specifically  Wood  Ducks,  Turkey,  raccoon,  opossum,  deer,  and  squirrels. 
Aquatic  organisms  would  also  oenefit  by  removal  of  DDTR,  and  by  an 
increase  in  aquatic  and  wetland  plant  foods.  These  wopld  induce  otter, 
muskrat,  wading  birds,  game  fish,  and  invertebrates.  Lowering  of  water 
levels  within  the  containment  area  will  create  two  shallow  laxes;  one  in 
the  existing  "loop"  section  at  HSB  Mile  B.3,  the  other  in  the  larye 
ponded  area  near  HSB  Mile  4.5.  Several  smaller  areas  would  also  remain 
ponded.  Creation  of  Shallow  lakes  has  the  potential  to  be  of  high  value 
to  wildlife.  After  a  few  years  of  high  plankton  production,  the  ponded 
areas  could  become  vegetated  with  submerged  and  emergent  macrophytes, 
providing  productive  aquatic  habitat. 
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If  the  non-cri tical  overbank  is  not  covered,  the  current  effects  of  DL/Tk 
in  this  system  can  be  expected  to  continue.  As  noted  by  Oimono  (1969) 
and  Peterson,  et  aj_.  (19X1),  tne  UUTk  will  r.ot  leach  downward  or  very 
rapidly  become  degraded  by  soil  microorganisms  (Clore,  et  ah ,  1961;  Nash 
and  woe  son,  19b/).  hIso,  only  trace  amounts  are  normaTTy  absorbed  by 
vegetation  (Yule,  et  ah  ,  1972).  hence,  current  impacts  on  soi 1 -dwel 1 i ng 
organisms  may  continue  for  some  years  to  come. 

The  situation  would  be  vastly  different  if  both  the  cnannel  ana  the 
overbank  were  filled.  All  vegetation  would  be  removed,  including  stumps, 
in  an  area  totaling  aoout  £>0o  acres  of  aquatic  and  wetland  habitat.  The 
wetlanos  within  this  area  are  the  most  contaminateo  portions  ot  trie  site. 
Kemoval  ot  vegetation  ana  filling  with  two  or  three  feet  ot  clean  soil 
would  nave  some  value  as  a  site  of  researen  in  primary  pfant  succession, 
but  years  would  be  required  before  tne  site  obtained  a  level  ot  plant  ana 
wildlife  productivity  and  diversity  approaching  tne  surrounding 
environment. 

11.6  CONTAINMENT  WITH  WlThlN-KASlN  DIVERSION 

Environmental  Impacts--Tasks  involved  with  this  containment  alternative 
are  (a)  re-routing  USB  through  a  wi chin-basin  oiversion  channel,  and 
(b)  one  of  tnree  till  options:  (i)  filling  the  HSU  channel  ana  critical 
overbank  in  the  containment  area  to  a  depth  of  two  to  three  feet;  (2) 
tilling  the  channel  ana  the  entire  overuar.k  in  the  containment  area  to 
depths  of  three  and  two  feet,  respectively;  aid  (3)  filling  the 
containment  area  with  dredged  spoil  from  Reaches  B,  C,  and  the  lower 
portion  of  A,  and  then  covering  with  clay  ana  topsoil  (this  option  is 
discussed  in  Section  11.4).  The  impacts  of  re-routing  HSb  through  the 
within-Dasin  diversion  channel  have  oeen  discussed  in  Section  11.4.  The 
impacts  of  filling  the  Huntsville  Spring  branch  cnannel  and  the  overDank 
area  are  discussed  in  Section  11.5. 

Of  further  impact  woulo  oe  the  damage  done  to  the  upland  area  in 
"borrowing"  clean  fill  for  tne  above  works.  This  site  and  its  areal 
extent  are  currently  unspecified. 

11.7  AlTtkNATIVt  A:  NATURAL  ktSTUR/VTlON 

Alternative  A  involves  allowing  the  system  to  be  naturally  restoreo.  Tne 
major  impact  would  De  the  continuing  contamination  of  the  environment  by 
UUTK.  More  information  on  this  alternative  can  be  found  in  Section  9.1 
of  this  Appendix. 

li.b  ALTthNHTIVt  b:  uKElUalwG  AND  DISPOSAL 

Alternative  o  is  comprised  of  the  dredging  of  contaminated  sediments  and 
their  disposal  in  an  uplano  disp'-.ial  site.  Uredging  options  are  to 
(1)  dredge  the  contaminated  portions  of  Huntsville  Spring  branch  ana 
Indian  Creek  and  the  290  acre  overbarik  area,  and  (2)  dredge  the  above 
p.us  most  of  the  remaining  wet.ands  between  Dodo  and  Patton  Roads, 
uredging  would  require  construction  of  an  access  road  along  the  edge  of 
the  two  steams.  Uisposal  would  occur  in  a  temporary  upland  disposal  site 
within  the  drainage  basin.  The  major  items  of  impact  are  listed  below. 
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K  comparison  ot  erfecti veness  of  alternatives  (excluding  any 
consideration  of  biota  contaminat ion )  is  given  in  TaDle  1 1 1 -3  3 . 

Finally,  a  xey  factor  is  ttie  effectiveness  ot  an  alternative  in  reauciny 
UUTK  levels  in  fish  to  below  the  b  ppm  FlM  guideline.  Untortunatel y, 
tins  is  prooaoly  the  most  difficult  measure  of  effectiveness  to  predict 
with  accuracy.  Un  the  one  hand  one  can  state  tnat  removal  or  isolation 
or  a  nigh  percentage  of  the  LiUTk  in  the  Hbb-lC  system  can,  in  trie  long 
term,  only  help  the  situation.  Yet  because  or  the  nigh  potential  for 
significant  risn  contamination  from  even  low  residual  levels  ot  UuTk,  one 
cannot  easily  predict  how  quickly  positive  results  can  be  realized 
tci lowing  a  cleari-up  effort. 

Several  factors  should  be  considered  in  attempting  to  judge  now  lonq  it 
might  take  for  LiUTk  levels  in  fish  to  be  reduced  to  below  g  ppm.  These 
include  current  contamination  levels,  method  of  contamination,  de¬ 
gradation  of  UUTk  by  natural  processes,  etrecti veness  of  UUTK  removal, 
and  race  at  which  tish  can  excrete  or  break  down  UuTk.  In  Mppenoix  II, 
Section  b.3,  tnese  factors  are  considered  in  some  depth.  Channel  catfish 
in  wheeler  Reservoir  downstream  ot  1C  appear  to  have  L)UTk  conceritrat ions 
on  the  order  or  1U  ppm  due  to  very  low  level  contamination  ot  ei ther  or 
both  sediment  and  water,  near  AC  DuTK  levels  iri  channel  cattish  are 
niylier  which  may  be  due  to  higher  localized  sediment  or  water  UuTk 
concentrations  ana/or  to  migration  ot  fish  in  and  out  of  1L.  neverthe¬ 
less,  it  appears  that  for  channel  catfish  bioconcentration  of  UuTk 
produces  tish  concentrations  in  excess  of  b  ppm  from  extremely  low 
environmental  concentrations.  Hence,  it  is  not  reasonable  to  expect 
channel  catfish  UUTk  levels  to  drop  Delow  b  ppm  until  environmental  UuTr 
levels  are  reduced  oelow  what  currently  exists  in  trie  Tk.  Presently  this 
level  is  oelow  what  might  reasonably  be  expected  to  initially  remain  in 
IC  arid  Hsb  after  a  mitigation  alternative  was  completed.  Further,  tnese 
levels  of  UuTk  in  the  Tk  water  and  sediment  woulu  still  Ue  present  even 
it  a  mitigation  alternative  were  completed.  Following  the  completion  of 
any  of  tne  alternatives  except  natural  restorat ion ,  it  is  assumed  that 
the  flow  of  UuTk  to  the  Tk  would  be  significantly  reduced,  with  little 
or  no  "fresh"  UUTK  entering  tne  river,  it  could  be  expected  that  exist’ng 
conceritrat  ions  would  go  down. 

Unfortunately,  no  data  exists  regarding  natural  degradation  rates  for 
UUTK  under  conditions  similar  to  those  fojnd  in  lu  and  Tk.  Data  for 
breakdown  rates  in  soils  show  figures  ranging  from  less  than  that  one 
year  to  greater  than  3U  years  depending  on  a  number  of  conditions  (see 
Appendix  I,  Table  I-b).  Under  the  assumption  that  some  mitigation  act’on 
hao  essentially  eliminated  the  movement  ot  UDTk  from  11  to  the  Tk  arid 
that  natural  breakdown  in  an  aquatic  environment  wignt  roughly  parallel 
breakdown  in  the  soil,  significant  reductions  in  UUTK  might  occur  in 
roughly  1-3U  years. 

Since  tne  uptake  and  reduction  of  UuTk  in  tish  has  been  shown  to  occur  in 
significantly  shorter  time  spans  than  appear  to  be  required  for  natural 
degradation  of  UUTK,  it  is  assumed  tnat  the  fish  are  at  or  near  equili¬ 
brium  with  respect  to  UuTk  in  the  environment  LMacek  and  korn,  i.y 7u; 
macek  ejt  al . ,  ly70;  darvinen  et  al.,  ly/6).  Consequently,  one 
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Table  III-33.  Predicted  Effectiveness  of  Mitigation  Alternatives 
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Table  III- 33-  Predicted  Effectiveness  of  Mitigation  Alternatives  (Continued,  Page  2) 


would  expect  DDTR  levels  in  fish  to  closely  parallel  reductions  of  DDTR 
in  the  environment. 

If  the  assumptions  and  conditions  noted  above  are  valid,  it  might  taxe 
from  a  relatively  few  to  30  or  more  years  for  DDTR  levels  in  channel 
catfish  in  the  TD  to  drop  below  the  5  ppm  guideline  following  completion 
of  one  of  the  action  alternatives,  further,  since  any  of  the  action 
alternatives  will  leave  at  least  some  residual  amounts  of  DDTR  in  IC 
above  what  currently  exists  in  the  TR,  the  channel  catfish  in  IC  can  be 
expected  to  remain  contaminated  for  even  longer  periods  of  time. 

No  difference  between  the  action  alternatives  can  be  detailed  regarding 
how  quickly  DDTR  levels  in  channel  catfish  in  IC  and  HSB  can  be  reduced. 

The  natural  restoration  alternative  is  predicted  to  be  ineffective  in 
controlling  DDTR  contamination  of  the  HSB-IC-TR  system.  A  more  complete 
explanation  can  be  found  in  Section  9.1  of  this  Appendix. 
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SITE  SPECIFIC  INFORMATION  AND  ANALYSIS 


1.0  -  a  HISTQKICmL  REVIEW  uF  DDT  MANUFACTURE  AND  SUBSEQUENT  ENVIRONMENTAL 
IMPACT  mT  KEbSTUNE  akSENaL 

1.1  MANUFACTURING  PLANT  HISTORY 

Following  lease  negotiations  with  Redstone  Arsenal  the  lalabama  Chemi-c:,l 
Company  beyan  the  manufacture  of  DbT  in  1947.  According  to  a  Department 
of  the  army  report  (LUIR,  1977)  other  concerns  involved  in  the  overall 
operation  were  Solvoy  Process  Division  of  allied  Chemical  and  Dye  Cor¬ 
poration  and  John  Powell  and  Company.  Lalabama,  however,  was  on  tne  KSA 
property  ana  responsible  for  unit  operation^.  Figure  1 1 - 1  presents  a 
chronology  of  activities  related  to  initial  on  of  the  plant  operation  and 
subsequent  impact. 

The  plant  was  locateo  in  the  5U00  section  of  the  Arsenal  where  process 
wastewater  enterea  a  drainaye  ditch  which  discharged  to  Huntsville  Spring 
branch.  There  are  no  available  records  regarding  DDT  production  at  that 
time.  However,  estimated  wastewater  volume  was  l.b  mgd.  Treatment  of 
process  wastes  was  not  done  and  residual  pesticide  entered  riuntsville 
Spring  branch,  a  tributary  to  the  Tennessee  River.  Wastewater  was  char¬ 
acterized  as  shown  in  Table  1 1  - 1 .  The  amount  of  DDT  in  tne  wastewater 
ranged  up  to  u.5  mg/1  mainly  as  particulates. 

Seven  years  later  in  1954  tne  01  in  Mathieson  Chemical  Company  became  the 
lessee  and  continued  DDT  manufacture.  No  improvements  for  treatment  or 
wastewaters  were  carried  out  until  1965  when  a  settling  pond  was  con¬ 
structed.  During  this  time  production  was  estimated  at  1  to  2  million 
pounds  per  month  (USPHS,  I9b4).  01 i n  kept  the  facility  operating  on  a 

7-day  schedule.  By  19by,  2,250,000  pounds  were  being  manufactured 
monthly  which  was  near  the  2.5  million  production  capacity  of  the  plant 
(USaEHA,  19b9). 

1.2  PRIOR  CONTROL  EFFORTS 

A  review  of  the  chronology  of  waste  treatment  shows  thit  the  settling 
pond  constructed  in  1965  was  enlarged  two  years  later.  Plant  personnel 
estimated  that  12,000  pounds  of  DDT  accumulated  by  sedimentation  in  four 
months  (USaEHa,  1965).  also  at  the  time  of  the  settling  pond  modifica¬ 
tion  the  ditch  conveying  wastewater  from  the  plant  was  treated  with 
70  tons  of  lime  and  400  pounds  of  FeS04  and  filled  in.  A  new  ditch  was 
constructed  alongside.  This  modification  was  completed  to  meet  water 
quality  standards  that  had  been  imposed  by  the  Federal  government.  These 
standards  for  DDT  required  that  concentrations  in  wastewater  discharged 
to  Huntsville  Spring  branch  not  exceed  10  ug/1.  The  original  ditch 
conveying  wastewater  had  accumulated  so  much  DDT  that  the  ditch  itself 
was  a  source  and  posed  a  problem  for  01  in  in  meeting  the  standards. 

In  February  1970  Olin  installed  a  carbon  filter  at  the  outlet  of  the 
settling  pond  to  keep  the  DDT  level  at  or  below  the  10  jg/1  limit  for 
discharge  (USaEha,  1969).  Sometime  later  the  same  year  the  Federal  Water 
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DDT  production  b*gun  by  Calabanu  Chomi 
cal  Corporation  it  in  a  taaaad  facility  on 
RadAona  Araanat  Plant  capacity  waa  ap 
proaimataly  25  million  pound!  par  yaar. 
Waatawatar  amountad  to  about  1 .5  MGD  dia- 
charged  without  conaannonal  treatment  to 
Huntsville  Spring  Brenen  and  Wheeler  Wild¬ 
life  Refuge.  y 

1947  1948 


Heavy  use  of  peat ic idea  on  cotton  crops  to 
combat  boll  weevils  was  carried  out  during 
the  summer.  Stormwater  runoff  carried  sub 
stentiel  amounts  to  streams  tributary  to 
Tennessee  River.  Application  in  Limestone 
and  Madison  Counties  was  2.7  and  6.5  mil¬ 
lion  pounds  respectively.  Pesticide  mixture 
included  5*,  DDT.  y 

1949  1950  19 


Utilities  branch  at  Redstone  not* 
Huntsville  Spi  ing  Branch  was  grossly  pi 
along  the  entire  length  with  munidp 
industrial  wastes.  y 

SI  1952 


F — s 


The  old  ditch  treated  with  lime  and  ferrous 
sulfate  and  fillad.  A  naw  ditch  was  dug 
parallal  to  the  first. 

FWPCA  astablishad  discharge  standard  at  10 
micrograms  par  liter  DDT.  Settling  pond  for 
DDT  wastawatar  anlargad. 


19.68 


T 


00T  levels  in  waste  ditch  contained  maxi¬ 
mum  of  2.409  ppm.  TVA  shows  range 
in  water  to  be  1-60  micrograms  per  liter 


TVA  proposes  discharge  guidalinas  of  10 
micrograms  par  liter  DDT. 

Settling  ponds  ware  constructed.  Ponds 
accumulate  about  12,000  lbs.  of  DDT  in  lass 
than  3  months. 

T 

19.65 


Alabama  Da# 
ducted  biolof 
Alabama  str«4 
pesticide  um 
1950.  The  04 
community  4 
invertebrates  i 
cides. 

ODT  in  sediment  at  HSBM  4.7  estMlj 
6500  ppm  and  at  13.400  ppm  in  tmi 
ate  analyses.  At  Decatur  Water  Trel 
Plant  DDT  level  was  between  20-670* 
grams  par  liter. 

Rad  shouldered  Hawk  population  H 
by  84%  in  Wheeler  Wildlife  Refuge  m 
15-yaar  period  Reductions  also  ini 
Owl.  Marsh,  Coopers  and  Red -tailed 
populations.  Y 

19.64  1963 


FWPCA  shows  MSB  immedn.ely  below 
drainage  ditch  to  have  an  average  of  3.85 
micrograms  per  liter  DOT  in  water 


FWPCA  showed  mean  levels  of  DDT  in 
water  below  discharge  from  drainage  ditch 
to  be  5  micrograms  per  hter. 


Olin-Methieson  announces  in  June  it  will 
give  up  lease  and  stop  DDT  manufacture  at 
Redstone  Arsenal. 

Analysis  by  TVA  shows  catfish  muscle  to 
contain  13.5  ppm  in  sample  collected  in 
Wheeler  Reservoir  balow  Decatur. 

DDT  analysts  by  Alabama  Dept  of  Agricul¬ 
ture  &  Industries  showed  channel  catfish  to 
contain  from  0.70  to  8.46  ppm  at  Tennessee 
River  mile  295. 

Olin  installs  carbon  filter  to  reduce  DDT 
levels  in  wastewater. 


Analysis  of  crows  collected  at  Redstone  by 
Patuxent  Wildlife  Research  Center  showed 
DDT  levels  as  high  as  119  ppm  in  muscle 
tissue  and  approximately  1600  ppm  in  fat. 
The  DDT  content  of  mammals  ranged  from 
0.5  ppm  in  rabbit  muscle  to  31.7  ppm  in 
opossum.  The  level  tn  fat  ranged  from  6.8  to 
348.5  ppm  in  these  ec.mels  respectively. 


Plant  demolished.  Double-crested  Cormorant 
absent  from  Wheeler  Wildlife  Refuge  for 
past  9  years. 


1969 


f 


T 

1970 


'70  1971 


T 

19,72 


A  survey  by  Alabama  Department  « 
culture  &  Industries  showed  DDT  mi 
fish  in  Honeycomb  Creek  &  Limed 
below  5.0  ppm  FDA  limit.  Maximd 
of  2.00  ppm  found  in  bluegilt  in  L# 
Creek.  V 


Federal  Water  Pollution  Control  Adminis¬ 
tration  set  standards  for  DDT  in  discharged 
wastewjter  at  .020  micrograms  per  liter. 


Aleoeme  Department  of  Conservation  re¬ 
ported  levels  of  DDT  in  fish  near  Triene  as 
high  as  71  ppm  and  near  Decatur  as  high  as 
17  ppm.  Bass  from  Wilson  Reservoir  con¬ 
tained  37.3  ppm  DDT. 


U.S.  Army  begins  thinking  water  surveillance 
program  at  Redstone. 


FIGURE  1 1 -1 .  Chronology  of  Events  Resulting  from  DDT  Manufacture  at  Redstone  Arsenal 

SOURCE  WATER  AND  AIR  RESEARCH,  INC..  1880 _ _ _ _ 


cb  it  RMftomt  not  id  thit 
,ng  Brandi  w«  gfoniy  pollutid 
in  langth  with  municipal  and 
in  y 


Olin  Mathiason  Chemical  Company  pur 
chased  Celebams  Chemical  Co.  and  o on- 
tmued  manufacture  of  DDT. 

T 

3  1954  1955 


1956 


Alabama  Department  of  Conservation  con¬ 
ducted  biu  logical  surveys  in  ael acted  north 
Alabama  streams  to  assess  impact  of  haavy 
pesticide  use  on  crops  in  the  summer  of 
1950.  The  Department  concluded  that  the 
community  structure  in  fish  and  macro  - 
invertabratet  showed  alteration  from  pesti¬ 
cides. 

vnent  at  HSBM  4.7  estimated  at 
md  at  13,400  ppm  in  two  separ 
t,  At  Decatur  Watar  Treatment 
level  was  between  20-670  micro- 
lar. 


Itred  Hawk  population  reduced 
IVheeitr  Wildlife  Refuge  within  a 
iod  Reductions  also  in  B erred 
i,  Coopers  and  Red-tailed  Hawk 

‘  T 

1963  19.62 


Wheeler  Wildlile  Refuge  personnel  note  a 
97.5%  reduction  in  the  Double-crested  Cor¬ 
morant  population.  During  a  10  year  period 
from  1949  Cormorants  annually  visiting  the 
Reluge  was  reduced  from  2000  to  50  birds. 


19.61 


I960 
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it  muscle 
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gad  from 
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vely. 


by  Alabama  Department  of  Agri- 
Industries  showed  DDT  content  in 
►eycomb  Creek  &  Limestone  Creek 
ppm  FDA  limit.  Maximum  level 
m  found  in  bluegill  in  Limestone 
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1974  19,75 


L.ndtill*  contliniog  DDT  on  Redltona  (lr<« 
50001  win  clo*#d. 

r 

19f6 _ 


Abitamant  program  tuggatfad  to  iiopmigr*' 
tion  of  DDT  from  Radrtona  to  Hunttvilla 
Spring  Brtncti.  TVA  data  »how  cattish  it 
TRM  275-292  eontainad  about  5  ppm.  TVA 
aitimata  tbit  4000  tom  of  DDT  in  Hdinwnu 
from  HSBM  2.45  to  5.9.  Ducks  collected  in 
Wheeler  Refuge  showed  DDT  lavels  to  bt 
comparable  to  lavals  found  in  fiab.  Total 
DDTR  in  weterf  owl  rangad  fi  jm  1.2  to  2252 
ppm.  Y 

19,77  1978  19.79 
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veillanea 


FDA  monitors  fish  in  Tennessee  Rivet  and 
selected  fish  markets.  DDT  levels  in  soma 
samples  well  above  5  ppm  limit. 

AEHA  surveyed  land,  watar,  sediments  end 
animal  life.  Fish  were  found  to  have  an 
average  of  63.58  ppm  DPTR  and  considered 
unsafe  for  consumption. 

Watar  and  sediment  samples  showed  high 
concentrations  of  DOT. 


Federal  task  force  implements  study  to 
determine  axtent  of  DDT contemination end 
alternative  pctions  to  prevent  further  con¬ 
tamination  of  the  Tennessee  River,  COE 
Mobile  District  given  responsibility  tc  lead 
group. 

Double-crest  ad  Cormorant  slowly  increasing 
during  past  6  years  in  Whaalar  Refuge. 

Redstone  puts  activated  carbon  filtration 
plant  on  line  to  abate  DDT  contamination 
from  drainage  ditch. 


U.  S.  ARMY  CORPS  OF  ENGINEERS,  MOBILE  DISTRICT 
Engineering  md  Environmental  Study  of  DDT  Contamination  of  Huntsville  Spring  Branch, 
Indian  Creek,  and  Adjacent  Lands  and  Waters,  Wheeler  Reservoir,  Alabama 


r — ** — 


REVISED  APRIL  1984 


Table  II-i.  Wastewater  Characteristics  from  UL)T  Manufacture  at  RSA 

Monochlorobenzene 
Hypochlorites 
Chloral 

Sulfuric  and  Sulfonic  acid 
Note:  l)L)T  levels  ranged  up  to  U.5  mg/1. 

Source:  Industrial  Wastes  Survey  Redstone  Arsenal,  1%4  -  USPHS. 


Calcium  chloride 
Hydrochloric  acid 
OuT 
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Quality  administration  placed  a  limit  of  20  parts  per  trillion  as  the 
amount  of  OUT  that  could  be  released  in  process  water.  Production  of  DDT 
stopped  by  June  1970  as  01  in  coula  not  treat  their  wastewater  in  a  manner 
that  would  reduce  DDT  to  this  level. 

Two  other  pesticides  were  later  manufactured  at  the  site.  Trichloroace- 
tonitrile  (TCAN)  was  produced  for  less  than  a  month  and  methoxycnlor  was 
produced  for  about  six  months.  In  early  1972,  the  plant  was  demolished. 

Since  that  time  extensive  restoration  of  the  site  has  been  carried  out. 
Short  term  containment  measures  were  completed  in  1977.  These  included 
filling  and  sealing  the  old  settling  basin,  diversion  of  drainage  'arbuita- 
the  old  plant  site,  and  installation  of  two  dams  in  the  drainage  ditch  to 
create  sediment  retention  ponds.  In  January  1979,  a  water  filtration/ 
carbon  adsorption  unit  was  installed  to  further  treat  the  water  leaving 
the  drainage  ditch.  Later  in  1.979  surface  soils  ac  the  old  plant  site 
were  removed  and  placed  in  a  state  approved  landfill  located  on  the 
Arsenal.  Further  restoration  has  included  excavation  and  landfilling  of 
contaminated  sediments  in  the  old  ditch,  stabilization  of  old  disposal 
sites  to  preclude  surface  erosion,  and  installation  and  operation  of  a 
subsurface  water  monitoring  system,  based  on  these  actions  future 
migration  of  UUTK  from  Arsenal  property  to  Huntsville  Spring  Branch 
should  be  negligible. 

1.3  HISTUR I I'Al  CHRONULUGY  OF  CONTAMINATION 

The  record  of  events  relating  to  Olin's  facility  and  the  spread  of  DDT  in 
the  environment  shows  that  no  aquatic  surveys  were  conducted  for  lb  years 
following  plant  startup  and  operation.  As  an  agricultural  chemical  UUT 
was  widely  used  on  lanas  within  the  drainage  basin  of  the  Tennessee 
River.  Pest  control  on  crops  such  as  cotton  ana  soybeans  was  carried  out 
by  application  of  DDT  and  other  organochlorine  insecticides.  Tnere  was 
no  data  during  the  late  l94U's  of  DDT  impact  on  the  environment  via 
biomagnification  and  bioconceritration  through  food  webs.  The  risk  to  man 
as  far  as  health  effects  was  considered  insignificant. 

By  1963  the  Public  Health  Service  and  TVh  were  conducting  surveys  to  de¬ 
termine  the  extent  of  DDT  migration  and  levels  of  the  compound  in  water 
and  sediment.  There  was  increasing  evidence  of  toxic  effects  to  the 
biota  (USPHS,  1964). 

1.3.1  Hater  Quality  Surveys 

The  utilities  branch  at  Redstone  carried  out  some  of  the  early  surveys. 
Although  no  data  are  available,  the  general  conclusion  following  water 
and  sediment  analysis  is  that  Huntsville  Spring  Branch  was  grossly 
polluted  and  reflected  the  effect  of  industrial  wastes  from  industry  and 
Arsenal  activities  on  water  quality.  Aside  from  wastes  originating  from 
Huntsville,  other  firms  on  or  near  the  Arsenal  contributed  wastewater  to 
Huntsville  Spring  Branch.  Components  included  chlorine  and  caustics 
(Stauffer  Chemical),  iron  and  nickel  carbonyls  (bAF),  rocket  propellants 
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(Thiokol),  ana  other  residues  related  to  rocket  research  and  production 
(UStUt,  l9bb). 

The  pollution  of  Indian  Creek  and  Huntsville  Spring  Branch  (HSB)  contin¬ 
ued  unabated  and  without  apparent  concern  during  the  I9b0's.  Increasing 
frequency  of  fisn  kills  and  otner  pollution  related  events  in  all  proba¬ 
bility  led  to  sampling  efforts  to  establish  water  quality  levels.  The 
first  of  these  was  initiated  by  the  Public  Heilth  Service  in  I9b3 
(USPHS,  1 9b4 ) .  Taoie  1 1 -2  presents  data  showing  the  levels  of  UUTH  in 
Indian  Creek  and  Huntsville  Spring  Branch,  some  limited  information  on 
Wheeler  Keservoir  near  Decatur  is  also  inc.uded.  It  should  be  remembered 
t fiat  contamination  of  these  surface  waters  also  ir. eluded  beryllium, 
chromium,  cyanide,  cadmium,  acids  and  other  unknown  components  related  to 
tne  rocket  research  program  at  Redstone.  These  substances  along  with  DDT 
wastewater  lea  to  the  biological  degradation  of  t tie  Indian  Creek  - 
Huntsville  Spring  Branch  system  (CDIR,  1978c). 

Sampling  related  to  DDT  residues  was  sporadic  until  late  19b7  wnen  the 
Federal  Water  Pollution  Control  Administration  established  a  station  at 
Mile  Marker  8.4  on  Huntsville  Spring  Branch.  Monthly  collections  were 
made  until  May,  I9b9.  Whether  these  samples  represented  composites  or 
grabs  is  not  known.  The  values  ranged  from  0.8  to  bO  ug/1  and  incluaed 
analyses  for  the  first  four  months  of  1970  when  the  program  evidently  was 
discontinued. 

Following  cessation  of  DDT  manufacture  no  water  samples  were  analyzed  for 
this  residue  until  1977.  These  results  (Table  1 1 -3 )  show  lower  DDT 
values  than  during  the  1960-1970  perioa.  Relatively  little  significance 
can  be  attributed  to  the  oata  since  the  sampling  sites  are  not  compar¬ 
able.  Analyses  also  were  conducted  on  Tennessee  River  water.  As  the 
table  shows,  DDTR  aia  not  exceed  0.08  ug/1  ana  most  were  less  than 
0.08  ug/1.  Since  DDT  is  only  slightly  soluble  in  water  ana  highly 
sorptive  on  organic  ana  inorganic  particulates  the  main  sink  is  the 
sediments  in  aquatic  systems. 

1.3.2  DDT  Levels  in  Aquatic  Sediments 

Work  on  the  DDT  levels  in  sediments  has  principally  been  carried  on  by 
various  Federal  agencies.  These  are  the  Public  Health  Service,  TVa,  the 
U.S.  Army  Environmental  Hygiene  Agency  (USAEHA)  and  the  Chemical 
Demilitarization  and  Installation  Restoration  group  (CDIR),  now 
designated  as  the  U.S.  Army  Toxic  and  Hazardous  Materials  Agencv 
(USaTHaMA).  Sampling  and  analysis  of  sediments  was  intermittent  and  was 
begun  in  1963.  There  seemed  to  be  little  to  no  coordination  among 
agencies  with  regard  to  station  location  or  data  sharing  until  perhaps 
1978-19/9. 

A  review  of  the  available  information  presented  in  the  accompanying 
Tables  1 1 -4  to  Ii-b  shows  a  trend  toward  increasing  levels  from  Indian 
Ireek  Mile  0  (ICM-0)  to  Huntsville  Spring  Branch  Mile  8+  (HSBM-6+)  near 
the  confluence  of  the  DDT  arainage  aitch.  Direct  comparisons  are  diffi¬ 
cult  as  sample  sites  varied  from  midchannel  to  overbank  ana  samples 
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Table  Ii-2.  concentrations  of  OUT  in  Surface  Water  to  1970  (ug/1) 


Date 

Location 

OUT 

DDE 

DUO 

DOTH 

Data  Source 

11/63 

H55H  5.7 

^ 

0.33 

— 

0.33 

USPHS 

11/63 

hSBM  4.7 

1.6 

4.1 

— 

5.7 

USPHS 

11/63 

I CM  4.6 

0.06 

— 

— 

0.06 

USPHS 

12/63 

HSBM  5.7 

0.14 

— 

— 

0.14 

USPHS 

12/b3 

HSBM  4.7 

47 

— 

— 

47 

USPHS 

12/63 

I CM  4.6  ' 

0.51 

— 

— 

0.51 

USPHS 

12/63 

HSBM  5.7 

0.05 

— 

— 

0.05 

USPHS 

12/63 

HSBM  4.7 

135 

— 

— 

135 

USPHS 

12/63 

I CM  4.6 

8.6 

— 

— 

8.6 

USPhS 

12/63 

HSBM  5.7 

0 

— 

— 

0 

USPHS 

12/63 

HSBM  4.7 

15.8 

16.0 

— 

31.8 

USPhS 

12/63 

I CM  4.6 

2.6 

3.6 

— 

6.2 

uSPHS 

12/63 

TKM  305 

.06 

— 

— 

.06 

USPHS 

12/63 

TkH  305 

.02 

— 

.02 

USPHS 

12/63 

TKM  305 

0 

— 

--- 

0 

USPHS 

12/63 

TKM  305 

0.67 

— 

— 

0.6? 

USPHS 

1/64 

HSBM  5.7 

0 

— 

— 

0 

USPHS 

1/64 

HSBM  4.7 

11.0 

3.4 

— 

14.4 

USPHS 

1/64 

I CM  4.6 

4.6 

3.0 

— 

7.0 

USPHS 

1/64 

HSBM  4.7 

0.14 

0.08 

— 

0.22 

USPHS 

1/64 

I CM  4.6 

1.8 

1.4 

— 

2.2 

USPHS 

1/64 

HSBM  4.7 

0.35 

0.02 

— 

0.37 

USPHS 

1/64 

I CM  4.6 

0.04 

1.1 

— 

0.15 

USPHS 

1/64 

TM  305 

0.30 

0.12 

— 

0.42 

USPHS 

1/64 

TKM  305 

0.07 

0.14 

— 

0.21 

USPHS 

9/66 

HSBM  4.7 

74.0 

2.2 

2.2 

78.4 

USPHS 

9/65 

I CM  4.6 

0.8 

0.6 

— 

1.4 

USPHS 

9/65 

HSBM  5.7 

3.3 

0.1 

— 

3.4 

USPHS 

9/66 

HSBM  4.7 

83.6 

1.87 

1.92 

87.39 

USCOE 

9/b5 

HSBM  4.7 

27.96 

1.08 

0.97 

30.01 

USCOE 

9/b6 

HSBM  4.7 

110.32 

2.90 

3.00 

116.22 

USCOE 

9/65 

HSBM  5.75 

3.34 

0.12 

— 

3.46 

USCOE 

9/65 

I CM  4.6 

1.3 

0.53 

2.51 

4.34 

USCOE 

9/65 

I CM  4.6 

0.55 

0.83 

3.11 

4.69 

USCOE 

9/b5 

1CM  4.6 

0.52 

0.24 

1.0b 

1.82 

USCOE 

10/67 

HSBM  5.4 

6.6 

— 

— 

— 

FWQA* 

11/67 

HSBM  5.4 

6.4 

— 

— 

— 

FWQA* 

12/b  7 

HSBM  5.4 

2.1 

— 

— 

— 

FWQh* 

1/68 

HSBM  5.4 

2.6 

— 

— 

— 

FWQA* 

2/68 

hSBM  5.4 

2.9 

— 

— 

— 

FWQA* 

3/b8 

HSBM  5.4 

2.3 

— 

— 

— 

FWQA* 

4/68 

HSBM  5.4 

2.b 

— 

— 

— 

FWQA* 

5/68 

HSBM  5.4 

2.3 

— 

— 

— 

FWQA* 

b/68 

HSBM  5.4 

3.2 

— 

— 

— 

FWQA* 

II-6  REVISED  APRIL  1984 


Table  ii-2.  Concentrations  of  OUT  in  Surface  Water  to  197U  (ug/1) 
(Continued,  page  2) 


Oate 

Location 

DUT 

UUE 

DDL) 

DDTk 

Data  Source 

7/68 

HSBM 

5.4 

1.2 

w  »  w 

FWQA* 

8/68 

HSBM 

5.4 

1.1 

— 

— 

— 

FWqA* 

9/68 

HS8M 

5.4 

4.8 

— 

— 

— 

FWQA* 

iU/o8 

HSBM 

5.4 

15.1 

— 

— 

— 

FWQA* 

11/60 

MSOf-i 

5.4 

6.1 

— 

— 

— 

FWQA* 

12/06 

HSBM 

5.4 

2.1 

— 

— 

— 

FWOA* 

1/09 

HSBM 

5.4 

4.4 

— 

— 

— 

FWQA* 

2/69 

HSbM 

5.4 

1.3 

— 

— 

- . 

FWQA* 

3/b9 

HSoM 

b.4 

b.3 

— 

— 

— 

FWQA* 

4/69 

HSBM 

5.4 

8.2 

— 

— 

— 

FWQA* 

b/69 

iSBM 

b.4 

17.3 

— 

— 

— 

FWQa* 

1/70 

HSBM 

5.4 

4.7 

— 

— 

— 

FWQA* 

2/70 

HSBM 

b.4 

3.6 

— 

— 

— 

FWQa* 

3/70 

HbBM 

5.4 

S.6 

— 

— 

— 

FWQA* 

4/70 

HSbM 

b.4 

3.6 

•  "*  “ 

“  —  — 

FWQA* 

♦All  FWQA  data  reported  as  averages. 

Range  of  values  from  0.3  to  bG  ug/1. 

Source:  OSPhS,  1%4;  USPHS,  1965;  USCOE,  196b;  FWQa,  1970 
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Table  11-3.  concentrations  of  OUT  in  water  Subsequent  to  197U 


Date 

Location 

DDT 

DDE 

ODD 

DUTk 

Data  Source 

7/77 

TkM  102-567 

No  detectable 
No  detection 

residue  - 
limits  stated. 

TVa 

10/7/ 

ILM  1 

0.16 

0.13 

0.34 

0.63 

TVA 

10/77 

I  CM  0 

0.04 

0.07 

0.18 

0.29 

TVa 

10/77 

TRM  320 

<0.01 

0.01 

0.03 

>0.04-<0.05 

TVa 

10/77 

TRM  311 

<0.01 

<0.01 

<0.01 

<0.03 

TVA 

10/77 

TKM  285 

<0.01 

<0.01 

<0.01 

<0.03 

TVa 

10/77 

TKM  277 

<0.01 

<0.01 

<0.01 

<0.03 

TVA 

10/77 

TKM  272 

<0.01 

<0.01 

<0.01 

<0.03 

TVA 

10  and 
11/77 

IC'-West  and 
Nortn  boundary 

<1.0  ug/1  (19 

samples) 

CD  IK 

1977 

IC  at  Triana 

— 

— 

— 

9 

USAEHA 

11/77 

IC  at  Mouth 

— 

— 

— 

0.3 

TVA 

11/77 

IC  1  Mile 
above  Mouth 

— 

— 

— 

0.6 

TVA 

11/77 

TKM  1  Mile 
below  IC 

— 

— 

— 

0.04 

TVa 

11/77 

BKCM  0.5 

<0.01 

0.026 

0.072 

>0. 108-<0. 

118  TVA 

11/77 

TKH  333 

<0.01 

<0.01 

<0.01 

<0.03 

TVA 

11/77 

IC 

<0.01 

<0.01 

<0.01 

<0.03 

TVa 

11/77 

hSB 

<0.01 

<0.01 

<0.01 

<0.03 

TVA 

Note:  Values  in  uy/1. 

Source:  TVA,  1977;  USAtHA,  1978;  CDIR,  1978a  &  b. 
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Table  1 1-4.  Concentrations  of  OUT  in  Indian  Creek  Sedi/nents, 
Mile  Segment  0-8,  Analyses  during  1963-1978 


Date 

Mile  Marker 

OUT 

DDE 

DDL) 

DUTR 

Data  Source 

10- 

12/b3 

1.0 

0.8 

0.8 

— 

1.6 

USPHS 

4.0 

11.6 

6.0 

— 

17.6 

USPHS 

4.b 

17.0 

6.0 

— 

23.0 

TVa 

7.7b 

2.0 

0.72 

— 

2.72 

USPHS 

9/ bD 

4.  b 

9.3 

1.2 

2.1 

12.6 

USPHS 

9/73 

1.0 

0.8 

— 

— 

— 

USAEHA 

10/77 

0 

0.08 

0.14 

0.24 

0.4b 

TVa 

0.91 

1.2 

— 

— 

— 

USAtHrt 

0.91 

11.85 

— 

— 

— 

USaEHA 

0.91 

28. 9U 

— 

— 

— 

USAEhA 

0.91 

41.08 

— 

— 

— 

US  At  HA 

0.91 

40.48 

— 

— 

USaEHA 

0.91 

30.80 

— 

— 

- - 

US  at  HA 

0.91 

41.47 

— 

— 

— 

USaEHa 

0.91 

38.38 

— 

— 

— 

USacHA 

0.91 

33.89 

— 

— 

— 

USAEHA 

U.91 

35.47 

— 

— 

— 

USaEHA 

0.91 

33.23 

— 

— 

— 

USaEHa 

0.91 

3.03 

— 

— 

— 

USAEHA 

1.0 

0.16 

0.13 

0.34 

0.63 

TVA 

11/77- 

3/78 

1.0 

— 

— 

— 

28.31 

CD  Ik 

1.38 

— 

— 

— 

38.14 

CDIR 

2.2 

— 

— 

— 

70.35 

COIR 

2 .  4 

— 

— 

— 

29.41 

CD  IK 

4.6 

— 

— 

— 

13.35 

CDIR 

b .  33 

— 

— 

— 

4.58 

CDIR 

6/78 

4.b 

— 

— 

— 

0.11 

TVa(b) 

y/78 

2.2 

0.81 

2.9 

7.9 

11.61 

TVA(a) 

2.4 

0.06 

0.53 

1.8 

2.39 

TVa 

3.9 

0.16 

1.9 

2.2 

4.26 

TVA 

Note: 

Source 

Concentration 

:  TVA,  1963; 

in  ug/gm. 

USPHS,  1964; 

USPHS, 

1965;  USaEHA,  1977; 

TVa,  1977; 

COIR,  1978(a)  &  (D);  TVA 

,  1978(a);  TVa, 

1978(b). 
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Table  1 1-5.  Concentrations  of  UOT  in  huntsville  Spring  branch  Sediments, 
Mile  Segment  0-2.5,  analyses  during  1963-19/6 


bate 

Hi le  Marker 

UbT 

DOi: 

0  Ob 

DOTR 

Oat  a  Source 

10- 

12/63 

2.  b 

432 

13o 

Dob 

uSPhb 

2.6 

400 

— 

— 

— 

TVa 

2.b 

2,  buO 

— 

— 

— 

USPhS 

9/ 7  b 

2.5 

14.71 

3.12 

14.02 

Sc  .4b 

USPriS 

9/73- 
3/  /4 

2.  b 

0.6 

— 

— 

— 

USPHS 

13/77 

U .  36 

90 

_ 

_ 

_ - 

USatha 

1.0 

32.66 

— 

— 

— 

Ubatha 

1.31 

S9.8 

— 

— 

— 

Ubatna 

1977 

1.7 

1.46- 

33.6 

— 

— 

— 

TVa 

12/77 

2.0 

1.39 

— 

— 

— 

USAtria 

1977 

2 .  b 

32.5 

— 

— 

— 

TVA 

6/ 7b 

0 

— 

-  -- 

- _ 

27.7 

TVA(a) 

O.bb 

— 

— 

— 

23.9 

TVa(a ) 

1.0 

— 

— 

— 

9.6 

TVa(a; 

1.0 

0.26 

0.31 

0.19 

0.76 

tPa 

1.7 

2,040 

— 

— 

— 

TVA(aj 

2.0 

— 

— 

— 

2,940 

TVa 

2.b 

— 

— 

— 

4  42U 

TVa 

2.b 

2,100 

240 

440 

1,760 

tPa 

9/76 

1.7 

220 

19 

76 

3ib 

TVa(o) 

1.7(a) 

0.35 

2.0 

76 

76.35 

TVa 

1.7(b) 

<0.04 

0.06 

0 .  CD 

0.1b 

TVa 

1.7(c) 

0.01b 

0.04b 

O.039 

0 . 099 

TVa 

2.b 

6.0 

0.27 

1.5 

7-/7 

Tva 

iNote:  Concentration  in  ug/gm. 

(a)  Core  =  U-6" 

(b)  Core  =  b-12" 

(c;  Core  =  12-16" 

Source:  Tva,  i9o3;  USPHS,  I9b4;  USPHS,  197s;  USatHA,  197/;  TVm,  197'/; 
TVa,  1976(a);  TVa,  1976(b);  LPA,  1976;  TVa,  1979(d). 


1 1-10 


REVISED  APRIL  1984 


Table  Il-b.  Concentrations  of  OUT  in  Huntsville  Spring  brancn  Sediments 
Mile  Segment  2. 6-5. 6,  Analyses  during  1963-19/8 


Date 

Mi le  Marker 

UUT 

DOE 

DOD 

UUTR 

Oat a  Source 

lU/b3 

2.5b 

432 

136 

— 

568 

USPHS 

10/63 

4.7 

6,500 

— 

— 

— 

USPHS 

1^/d3 

2.55 

2,500 

— 

— 

— 

USPHS 

12/63 

4.7 

13,400 

— 

— 

— 

USPHS 

9/b5 

6.3 

605.84 

384.00 

1,847.05 

2,836.89 

USPHS 

4.7 

0.65 

— 

— 

— 

USPHS 

12/77 

4.0 

39.8 

_ 

_ 

- -- 

USAEHrt 

4.2 

ly.5 

— 

— 

— 

USrttriA 

4.2 

919 

— 

— 

— 

TVm 

4.3 

5.11 

— 

— 

— 

USPHS 

4.5 

y34- 

5,441 

— 

— 

— 

TVrt 

4.7 

1,865 

— 

— 

— 

TVA 

4.7 

128.54 

— 

— 

— 

TVrt 

5.3 

18,434 

— 

— 

— 

USAEHA 

5.6 

0.38 

— 

— 

— 

US At HA 

9/78 

3.0 

3.0 

5.7 

10.3 

19.0 

TVA 

3.0 

530 

97 

390 

1,017 

TVrt 

3.0 

11 

— 

— 

— 

TVA 

3.2 

163 

58 

351 

572 

TVA 

3.5 

5.2 

2.6 

10 

17.8 

TVA 

3.5(a) 

910 

430 

2,200 

3,540 

TVA 

3.5(b) 

690 

310 

1  ,b00 

2,600 

TVA 

3.5(c) 

540 

640 

2,800 

3,9  0 

TVA 

3.5(a) 

120 

2.1 

9.3 

131.4 

TVA 

3.5(b) 

0.30 

0.29 

1.1 

1.69 

TVA 

3.5(c) 

<0.04 

0.05 

0.07 

0.16 

TVA 

3.65 

50 

64 

190 

304 

EPrt 

3.7 

0.49 

0.75 

2.5 

3.74 

TVA 

3.75 

0.079 

0.05U 

0.038 

0.167 

EPA 

4.0 

0.64 

4.7 

11 

16.34 

TVrt 

4.0 

0.13 

0.65 

1.3 

2.08 

TVA 

4.0 

1,017 

— 

— 

♦ 

TVA 
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Table  1 1-6.  Concentrations  of  DOT  in  Huntsville  Spring  Branch  Sediments, 
Nile  Segment  2. 6-5. 6,  Analyses  during  1963-1978  (Continued, 
page  2) 


Date 

Mi le  Marker 

DDT 

DOE 

ODD 

DOTH 

Data  Source 

9/78 

4.2(a) 

63 

12 

54 

129 

TVA 

4.2(b) 

18 

1.1 

4.4 

23.5 

TVa 

4.2(C) 

5,700 

360 

1,700 

7,760 

TVA 

4.2(d) 

24,000 

1,700 

2,600 

28,300 

TVm 

4.2(a) 

12 

4.4 

12 

28.4 

TVA 

4.2(d) 

3 

0.44 

4.3 

7.87 

TVA 

4.2(c) 

490 

2,000 

410 

2,900 

TVA 

4.2 

1,280 

230 

880 

2,390 

TVA 

4.2(c) 

430 

160 

920 

i,5i0 

TVA 

4.35(c) 

820 

62 

190 

1,072 

EPA 

4.5 

700 

no 

490 

1,300 

TVA 

4.5 

27 

5.7 

19 

51.7 

TVa 

4.5 

16.34 

— 

— 

— 

Tva 

4.5 

100 

19 

96 

215 

TVA 

4.7(a) 

940 

97 

1,100 

2,137 

TVA 

4.7(b) 

10,000 

720 

2,100 

12,820 

TVh 

4.7(c) 

5,000 

250 

1,200 

6,450 

TVA 

4.7 

0.81 

— 

— 

— 

TVA 

4.7 

116 

20 

135 

271 

TVA 

4.7 

0.20 

0.16 

0.45 

0.81 

TVa 

4.8 

<0.1 

<0.1 

<0.1 

<0.3 

TVA 

4.8 

1,500 

180 

490 

2,170 

TVA 

4.8 

0.1 

— 

— 

— 

TVA 

5.0(a) 

2,300 

670 

4,300 

7,270 

TVA 

5.0(b) 

3b 

2.7 

3.6 

42.3 

TVA 

5.0(a) 

2,900 

6b0 

2,900 

6,460 

EPA 

5.0 

620 

86 

350 

1,05b 

EPA 

5.5 

0.12 

0.042 

0.058 

0.220 

EPA 

HSb  Loop 

75 

10 

52 

137 

EPA 

Note:  Concentration  in  ug/gm. 


(a)  Core  =  0-b" 

(b)  Core  =  b-12" 

(c)  Core  =  12-18" 

(d)  Core  =  18-24" 

Source:  USPHS,  1964;  USPHS,  1965;  USAtHA,  1977;  TVA,  1978;  TVA,  1978a; 
TVA,  1979b;  EPa,  1978. 
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themselves  varied  from  grabs  with  dredyes  to  coring  Devices.  However,  no 
significant  trend  with  time  is  apparent  in  this  data. 


As  miylit  oe  expected  the  hignest  levels  of  DDT  are  in  Huntsville  Spring 
Branch  sediments.  Concentrations  of  UDTK  over  28,000  uy/gm  were  reported 
in  197b  (TVm,  1979o).  In  uctouer  1977,  concentrations  up  to  0.3d  ppm 
were  found  in  the  Tennessee  Kiver  below  Indian  Creek  (Table  II-/J. 

1.3.3  Fish  ano  Wildlife 

Sporadic  sampling  of  the  biota  has  been  one  with  the  majority  occurring 
from  the  mid-1970's.  Concerns  during  the  first  aquatic  surveys  carried 
out  in  the  I96u's  originated  from  fish  kills  which  appealed  to  oe  in¬ 
creasing  in  HSB  and  IC.  In  1964  TVm  conducted  in  situ  bioassays  with 
fathead  minnows.  In  an  18-hour  test  all  fish  died"]  Toxic  effects  at 
this  time  were  attributed  to  the  discharge  trom  the  Stauffer  caustic- 
chlorine  plant  arid  the  General  Aniline  and  Film  Corp.  Anotner  brief 
sur/ey  by  USPHS  in  1964  showed  that  below  area  6000  where  L) DT  and  other 
industrial  wastes  enter  Huntsville  Spring  Branch  the  stream  was  devoid  of 
fish  and  bottom  organisms. 

Peak  annual  oopulation  estimates  for  a  number  of  water  birds,  raptors, 
and  mammals  at  Whee’er  National  wildlife  Refuge  from  1948  to  197y  are 
presented  in  Tables  1 1-8  and  1 1-9.  Declines  for  several  species  occurred 
during  the  period  of  the  old  DDT  plant  operation.  For  instance, 
reductions  in  Double-crested  Cormorant  populations  were  observed  in  the 
early  19bU's.  By  19b3  the  cormorant  population  at  Wheeler  had  been 
reduced  to  zero.  Sinc«  1973,  the  species  has  been  reported  again,  thouyh 
in  mooest  numbers  (Huntsville  Times,  1979).  It  is  not  known  whether  this 
or  other  observed  trends  resulted  from  DDT  contaminat ion  at  Wheeler,  ms 
is  discussed  in  more  detail  in  section  5.4,  areawioe  or  regionwide  trends 
may  significantly  impact  local  populations,  particularly  for  migrating 
species. 

In  May  of  1964  the  Patuxent  Wildlife  Research  Center  collected  crows  and 
various  mammals  near  the  Arsenal.  Analyses  for  DDT  were  made  on  muscle 
and  fat  tissue.  Values  ranged  in  bird  muscle  from  6.9  to  119.3  ppm  in 
7  samples.  As  might  be  expected  higher  levels  were  found  in  fat  with  a 
maximum  of  1,602.9  ppm.  Table  1 1 - 10  presents  tnese  results.  The  sample 
size  overall  was  small,  but  tne  evidence  for  bioaccumulation  clearly  is 
apparent . 

As  evidence  of  long  term  effects  of  organochlorine  compounds  increased, 
the  surveys  in  tne  1970's  focused  on  DDT  residues  in  fish  and  wildlife. 

Iri  September,  1970,  the  Alabama  Department  of  Conservation  reported  DDT 
residues  in  fish  collected  in  Wheeler  Reservoir  and  vicinity  to  be  above 
FDA  limits  of  5  ppm.  Those  species  that  exceeded  the  standard  were 
channel  catfish,  smallmouth  bass  and  white  bass.  All  species  analyzed 
contained  DDT.  Bottom  feeders,  rough  and  sport  fishes  were  included. 

Fish  from  Guntersville  Reservoir  and  Pickwick  contained  dDT  levels 
ranging  to  2.97  ppm.  In  Wilson  Reservoir  the  highest  concentration  was 
observed  in  channel  catfish  and  smallmouth  bass.  Levels  of  UDTK  were 
8.5b  and  6.42  ppm,  respectively  (see  Table  Il-il). 
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Table  11-7.  Concentrations  of  DDT  in  Tennessee  River  Sediments 
(Values  in  ug/gm) 


Date 

Mile 

Marker 

T3T7T 

Concentration 

- DDE - 

in  ug/gm 
DUO 

dLiTk 

Data 

Source 

7/77 

112.  5 

0.001 

O.002 

0.002 

0.005 

TVA(c) 

193.0 

0.002 

0.003 

0.002 

0.007 

TVm(c) 

283.0 

0.0U6 

O.Oll 

0.006 

0.023 

TVa(c) 

294.0 

0.003 

0.004 

0.003 

0.01 

TV  A(c) 

309.5 

0.003 

0.004 

0.004 

0.01 

TVA(c) 

lU/77 

272.0 

0.01 

0.03 

0.02 

0.0b 

TVA 

277.0 

<0.01 

0.03 

O.Od 

<0.07 

TVA 

285.0 

<0.01 

0.O6 

0.04 

<0.11 

TVA 

311.0 

0.04 

0.04 

0.04 

0.12 

TVA 

320.0 

0.12 

0.10 

0.14 

0.3b 

TVA 

11/77 

333.0 

<0.01 

<0.01 

<0.01 

<0.03 

TVA 

333.0 

0-0.114 

- 

- 

- 

CDIk 

St 

Causeway* 

0.49 

- 

“ 

USAEttA 

12/77 

SE  of 
Causeway 

8.67 

— 

” 

“ 

USAEHA 

11/77 

NW  of 
Causeway 

2.49 

— 

USAEHA 

NW  of 
Causeway 

2.30 

USAEHA 

♦Wneeler  Reservoir  Causeway  -  Designated  as  North-South  Roaa  across 
Indian  Creek  near  Mile  6. 

Source:  TVA,  1977;  TV*.  1978(c);  COIR,  1978(a)  &  (b);  USAEHA,  1977 
(Drinking  Water  Surveillance  Program). 

Note:  TVm,  i978(c)  reports  7/77  concentrations  as  mg/g.  Personal 

Communication  witn  Jim  Bobo  10/80  indicates  concentration  was 
as  ug/g. 
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Table  II- 

15. 

OUT  Kesidues  in 

Whole  Fish  Collected  between  1977- 

\ 

-79  (FOA) 

Species 

Location 

OUT 

Concentration  in  ppm 
DDL  DDU 

ODTR 

Mul tiple 

1 

TkM-322 

0.58 

4.11 

5.93 

10.62 

Multiple 

2 

TKM-322 

0 

43.8 

lb  1 . 3 

205.1 

Multiple 

3 

TkH-322 

0 

1.9b 

3.15 

5.1 

Multiple 

4 

TKM-322 

0 

58.1 

130.65 

188.75 

Mul tiple 

1 

TRH-321 

0 

2y.b 

49.95 

79.55 

Multiple 

2 

T KM- 321 

0 

lb.b 

29.2 

45.7 

Multiple 

3 

TRM-321 

0 

13.75 

48.95 

62.7 

Multiple 

4 

TkM-321 

0 

15.45 

48.95 

b4.4 

Mul tiple 

5 

TkM-321 

0 

3.86 

5.89 

9.75 

Multiple 

b 

TkM-321 

0 

by.  35 

1x9.15 

178.5 

Bass 

TRM-2Bb 

— 

0.23 

0.24 

0.47 

Sauger 

TKM-285 

— 

0.16 

0.09 

0.25 

Sucker 

TRM-285 

— 

0.1b 

0.09 

0.24 

Catfish 

TkM-285 

— 

2.42 

1.27 

3.69 

Carp 

TkM-285 

— 

0.17 

0.16 

0.33 

bream 

TkM-285 

— 

0.0b 

0.05 

0.11 

Carp 

TkM-273 

— 

0.73 

0.61 

1.34 

Sauger 

TkM-273 

— 

0.6b 

0.60 

1.2a 

Catfish 

TkM-273 

— 

1.09 

u.70 

1.79 

Catfish 

TkM-311 

5.42 

10.94 

17.6 

33.9b 

bream 

TkM-311 

0 

0.32 

0.38 

0.7 

Carp 

TKM-311 

0 

o.3a 

0.20 

0.58 

Bass 

TkM-311 

U 

1.54 

1.14 

2.b8 

Crappie 

TKM-311 

0 

0.42 

O.bU 

1.02 

Catfish 

TkM-320 

0 

9.18 

11.75 

20.93 

Bream 

TkM-320 

0 

1.84 

2.61 

4.45 

Carp 

TkM-320 

0 

5.75 

11.30 

17.05 

Bass 

TkM-320 

0 

7.0b 

12.01 

19.06 

sauger 

TkM-320 

u 

5.07 

9.7 

14.77 

Catfish 

TKM-277 

0 

3.88 

3.94 

7.82 

Sucker 

TKM-277 

0.51 

3.8b 

2.bb 

7.03 

Crappie 

TkM-277 

0 

0.03 

0.02 

0.05 

Bream 

TKM-277 

0 

0.04 

0.02 

0.0b 

Sauger 

TKM-277 

0 

0.23 

0.24 

0.47 

Bass 

TkM-277 

0 

0.78 

0.65 

1.43 

Catfish 

Mallard  Creek 

0 

3.77 

5.b2 

9.39 

Source:  FUa,  197ya. 

Note:  In  some  cases  OUT  concentration  was  shown  as  U,  in  other  cases  no 
value  for  DOT  was  shown. 
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Table  11-16.  DOT  Residues  in  Ducks  Collected  in  Wheeler  Wildlife  Refuge 
1976 


Date  of  Collection: 

22  Jan  78 

Date  of  Results: 

21  Sep  78 

DDTK  ppm 

Uadwall  Hen 

1.5b 

Uaowal 1  Drake 

90.83 

Mallard  Hen 

94.60  . 

wood  Duck  Drake 

39.74 

Mallard  Hen 

18.66 

Mallard  Drake 

0.051 

Mallard  Drake 

32.43 

Mai  lard  Hen 

0.28 

Mallard  Drake 

2.45 

Uadwall  Drake 

1.22 

Source:  U.S.  Army,  1978. 
Note:  Whole  body  analysis. 
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Table  1 1 -18 .  OuT-kelated  Compounds  in  Fresh  and  Frozen  Fish  Filets 
From  Triana,  Alabama,  January  197y 


Source  ana  Species 

Lab 

DDT 

ODD 

ODE 

DOTH 

Frozen  Freezer  Fish: 

kedhorse-Lanier 

i 

CDC 

0.13 

0.41 

0.6 

1.1 

TVA 

<0.3 

0.32 

O.b 

1.0 

tiuffalo-Malone 

CDC 

0.8 

62. b 

21. b 

«4.9 

TVA 

<2.0 

53.0 

16.0 

7U.0 

buffalo-F letcher 

CDC 

1.0 

39.8 

10.8 

51.6 

TVA 

<2.0 

27.0 

8.7 

3b. 7 

Catf isn-Caudle 

CDC 

14.8 

20i.b 

58.0 

274.4 

TVA 

12.0 

200.0 

50.0 

262.0 

White  bass-Fl etcher 

CUC 

0.2 

22. b 

7.7 

30.5 

TVA 

<2.0 

21.0 

b  .6 

28. b 

White  bass-Timrnons 

CDC 

0.12 

2.3 

2.4 

4.82 

TVA 

<0.3 

2.7 

2.4 

6.25 

White  bass-Vaughn 

CDC 

1.2 

40. 0 

18.1 

62.3 

TVA 

<2.0 

7.1 

2.8 

11.9 

Fresh  Fish: 

bigmouth  buffalo 

CDC 

1.2 

78.8 

30.0 

110.0 

TVA 

<10.0 

9b. 0 

32.0 

132.0 

Carp 

CDC 

3.9 

152.4 

b8.2 

214.5 

TVA 

<10.0 

99.0 

30.0 

13a.  0 

Sniallmouth  buttalo 

CDC 

13.4 

lb  7 . 8 

56.9 

228.1 

TVA 

<10.0 

98.0 

29.0 

132.0 

Redhorse 

CDC 

0.0 

11. b 

7.5 

19.1 

TVA 

<2.b 

7.8 

5.1 

14.15 

Shortnosed  Gar 

CDC 

10.3 

321.1 

118.6 

450.0 

TVA 

<10.0 

150.0 

45.0 

200.0 

Spotted  Gar 

TVa 

<13.0 

210.0 

69.0 

285.5 

CDC-Center  for  Disease  Control  Laboratory. 

TVA=Tennessee  Val  ley  Authority  Laboratory 

Note:  Samples  were  split  between  the  two  labs,  except  for  the  spotted 
yar  sample  that  was  only  analyzed  by  TVA. 

Source:  TVA,  1979b;  CUC,  1979. 
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Zooplankton  samples  collected  in  tne  Tennessee  River  during  late 
summer/early  autumn  were  dominated  by  cladocerans;  rotifers  and  cyclopoid 
copepods  were  also  abundant.  Phytoplankton  samples  collected  in  the 
Tennessee  River  at  the  same  time  were  mostly  dominated  by  blue-green 
alyae,  witn  significant  percentages  of  diatoms  and  green  algae  also 
present,  bee  appendix  V  for  occurrence  and  abundances  of  phytoplankton 
and  zooplankton  taxa  collected  in  tli4s  study. 

2.1.2  Huntsville  Spring  Branch  and  Redstone  Arsenal  Area 

Huntsville  bpring  8ranch--Huntsvi 1 le  bpring  Branch  originates  at  a  spring 
located  ott-site,  within  tne  city  of  Huntsville,  and  runs  through 
Redstone  Arsenal  into  the  Tennessee  River.  The  stream  occupies  a  mature 
floodplain,  which  is  largely  inundated  due  tc  the  Wheeler  dam.  Toward 
the  lower  end  of  HSb,  between  Indian  Creek  and  WboM  1.4,  tne  water 
inundates  the  floodplain  for  a  depth  of  several  feet.  Tnere  is  no 
aquatic  or  wetland  vegetation  here  except  for  black  willows  and 
buttonbushes  scattered  along  the  shoreline  (see  Figure  11-2).  An  algal 
bloom  was  visually  observed  during  the  summer,  1979,  field  surveys. 
Progressing  upstream,  the  water  becomes  shallower  and  large  stands  of 
buttonbush  ( Cephal anthus  occidental  is)  can  be  found.  Some  of  the 
buttonbush  stands  are  comp T'et'ely  overgrown  and  dominated  by  climbing 
hempweed,  Hikania  scandens.  A  few  otner  aquatic  plants  occur  within  the 
buttonbush  swamps,  ‘including  Hi u i scus  mi  1 i tar  is  and  Luowigia  sp.  Muskrat 
are  abundant  in  these  buttonbush  swamps. 

Upstream  of  HbBm  3.b,  large  stands  of  floodplain  and  bottomland  swamp 
forests  occur.  It  is  useful  to  consider  these  two  naoitats  as  two  ends 
of  a  continuum  defined  by  frequency  and  depth  of  inundation.  The  swamp 
association  is  flooded  to  a  2  foot  depth,  for  as  much  as  a  year,  or 
longer.  This  induces  the  characteristic  buttressing  of  the  bases  of 
swampland  trees.  The  floodplain  association  is  usually  flooded  only  long 
enough  for  stormwater  surges.  Since  floodplain  topograpny  is  not  uni¬ 
form,  gradations  between  these  two  extremes  exist.  An  example  of  this  is 
transect  1,  (Appendix  VI)  where  the  ground  is  apparently  too  wet  to 
support  the  more  mesic  floodplain  species,  and  is  not  wet  enough  to  allow 
swamp  vegetation  to  dominate.  It  is  therefore  heavily  dominated  by  red 
maple,  which  can  occur  anywhere  along  the  wetland  continuum.  Transects  4 
and  7,  (Appendix  VI)  are  representative  of  the  floodplain  forest 
association,  while  Transect  8,  (Appendix  VI)  is  representative  of  the 
bottomland  swamp  forest. 

The  floodplain  forests  were  found  to  be  among  the  most  diverse  of  the 
forest  associations  on  the  Redstone  arsenal,  supporting  at  least  2U 
species  of  trees,  (Appendix  VI).  They  are  dominated  by  green  ash,  red 
maple,  blue  beech,  American  elm  ah  hackoerry.  Ground  and  shrub  cover  is 
sparse,  and  includes  poison  ivy,  violets,  peppervine  (ampelopsi s 
arborea),  and  lizard's  tail  (Saururus  cernuus). 

♦ 

The  bottomland  hardwood  swamp  was  found  to  be  the  least  diverse  associ¬ 
ation,  ceing  thoroughly  dominated,  where  transected,  Dy  water  tupelo. 
Transect  b,  (Appendix  VI).  borne  of  tne  water  tupelo  are  quite  large,  the 
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Table  11-25.  Birds  of  the  Wheeler  National  Wildlife  Refuge* 
(Continued,  Page  10) 


COMMON  NAME 

SCIENTIFIC  NAME 

SP 

S 

F 

W 

Vesper  Sparrow 

Pooecetes  qramineus 

u 

c 

c 

Lark  Sparrow 

Chondestes  nrammacus 

r 

r 

Bachman's  Sparrow 

Aimophila  aestivalis 

r 

r 

r 

Oark-eyed  Junco 

Junco  hyemalis 

u 

r 

c 

c 

Tree  Sparrow 

Spizella  arborea 

u 

u 

Chipping  Sparrow 

Spizella  passerina 

c 

c 

c 

c 

Field  Sparrow* 

Spizella  pusilla 

c 

c 

c 

c 

Harris'  Sparrow 

Zonotrichia  auerula 

X 

White-crowned  Sparrow 

Zonotrichia  leucophrys 

u 

c 

c 

Whi te-throated  Sparrow 

Zonotrichia  albicol 1  is 

u 

c 

c 

Fox  Sparrow 

Passerella  iliaca 

u 

c 

c 

Lincoln's  Sparrow 

Melospiza  lincolnii 

r 

r 

r 

Swamp  Sparrow 

Melospiza  qeorqiana 

c 

c 

c 

Song  Sparrow 

Melospiza  melodia 

u 

c 

c 

Lapland  Longspur 

Calcarius  lapponicus 

r 

u 

Taken  directly  from  USOI,  1979a 
^  SP  -  Soring 
S  -  Summer 
F  -  Fall 
W  -  Winter 
a  -  abundant 
c  -  cotTinon 
u  -  uncommon 
0  -  occasional 
r  -  rare 
x  -  accidental 

*  nests  locally 
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Table  11-26.  Mairmals  Possibly  Occurrina  in  the  Wheeler  National  Wildlife 
Refuqel 


COMMON  NAME 
Opossum 

Southeastern  Shrew 
Least  Shrew 
Shorttail  Shrew 
Eastern  Mole 
Keen  Myotis 
Little  Brown  Myotis 
Gray  Myotis 
Indiana  Myotis 
Silver-Haired  Bat 
Eastern  Pipistrel 
Red  Bat 
Big  Brown  Bat 
Hoary  Bat 
Seminole  8at 
Evening  Bat 
Eastern  B'g-Eared  Bat 
Mexican  Treetail  Bat 
Northern  81ack  Bear 
Raccoon 

Longtail  Weasel 
Mink 

River  Otter 

Spotted  Skunk 

Striped  Skunk 

Coyote 

Red  Fox 

Gray  Fox 

Florida  Panther 

Bobcat 

Woodchuck 

Eastern  Chipmunk 

Eastern  Gray  Squirrel 

Eastern  Fox  Squirrel 

Southern  Flying  Squirrel 

Beaver 

Eastern  Harvest  Mouse 
Oldfield  Mouse 
White-Footed  Mouse 
Cotton  Mouse 
Golden  Mouse 
Eastern  Woodrat 
Rice  Rat 


SCIENTIFIC  NAME 

Dipelphis  marsupial  is 
Sorex  lonqirostris 
Cryptotis  parva 
Blarina  Trevicauda 
Scalopus  aquaticus 
Myotis  keeni 
Myotis  luci fuqus 
Myotis  qrisescens  • 

Myo 1 1 s  sodal is 
Lasionycteris  noctivagans 
Pipistrel lus  subflavus 
Lasiurus  boreal  is 
Eptesicus  fuscus 
Lasiurus  cinereus 
Lasiurus  seminolus 
Nycticeius  humeral  is 
PlecotusTafinesquei 
Tadarida  brasiliensTs 
Ursus  a .  americanus 
Procyon  lotor 
Mustela  frenata 
MusteVa  vison 
Lutra  canadensis 
Spiloqale  putorius 
Mephitis  mephi tis 
Can i s  latrans 
Vulpes~ful  va 

Urocyon  cinereoargenteus 
Fel is  concolor  coryi 
Lynx  rufus 
Mar mot a  monax 
Tamias  striatus 
Sciurus  carol inens is 
Sciurus  ni qer 
Glaucomys  volans 
Castor  canadensis 
Rei throdontomys  humul is 
Peromyscus  pol ionotus 
Peromyscus  leucopus' 
Peromyscus  gossypinus 
Peromyscus  nuttallii 
Neotoma  TToridana  » 
Oryzomys  palustrTs 
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Table  11-27.  Endangered,  Threatened  and  Special  Concern  Plants  Possibly 
Occurring  on  Wheeler  National  Wildlife  Refuge 


ALABAMA 

SPECIES _ FAMILY _ STATUS*  STATUS? 

Trillium  pusi  Hum  Liliaceae  E3  NL 

Panax  quinquefol ius  Araliaceae  E  NL 

Neviusia  alabamensis  Rosaceae  E  NL 

Carex  purpuri fera  Cyperaceae  T  NL 

Trillium  erectum  var.  sulcatum  Liliaceae  T  NL 

Leavenworthia  torulosa  Brassicaceae  T  NL 

Stylophorum  diphyl 1  urn  Papaveraceae  T  NL 

Athyrium  pycnocarpon  Aspidiaceae  SSC  NL 

Lycopodium  f label! i forme  Lycopodiaceae  SSC  NL 

Ophioglossum  enqelmanni i  Ophioglossaceae  SSC  NL 

Orchis  spec  tab il is  Orchidaceae  SSC  NL 

Plantanthera  peramoena  Orchidaceae  SSC  NL 

Cotinus  obovatus  Anacardi aceae  SSC  NL 

Jeffersonia  diphyl! a  Berberidaceae  SSC  NL 

Gvmnocladius  dioica  Fabaceae  SSC  NL 

Oxalis  grandis  Oxalidaceae  SSC  NL 

Actaea  pachypoda  Ranunculaceae  SSC  NL 

Anemone  carol iniana  Ranunculaceae  SSC  NL 

Veronica  anaoallis  -  aquatica  Scrophulariaceae  SSC  NL 

Valeriana  pauci flora  Valerianaceae  SSC  NL 

*From  Freeman,  et^aj.,  1979. 

ZUSDI,  1979b. 

3 

E=Endangered;  T=Threatened;  SSC=Species  of  Special  Concern;  NL=Not  Listed. 


FEDERAL 

STATUS? 


Liliaceae 

E3 

NL 

Aral i aceae 

E 

NL 

Rosaceae 

E 

NL 

Cyperaceae 

T 

NL 

Liliaceae 

T 

NL 

Brassicaceae 

T 

NL 

Papaveraceae 

T 

NL 

Aspidiaceae 

SSC 

NL 

Lycopodiaceae 

SSC 

NL 

Ophioglossaceae 

SSC 

NL 

Orchidaceae 

SSC 

NL 

Orchidaceae 

SSC 

NL 

Anacardi aceae 

SSC 

NL 

Berberidaceae 

SSC 

NL 

Fa baceae 

SSC 

NL 

Oxal idaceae 

SSC 

NL 

Ranunculaceae 

SSC 

NL 

Ranunculaceae 

SSC 

NL 

Scrophulariaceae 

SSC 

NL 

Valerianaceae 

SSC 

NL 
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Table  11-28.  Endangered,  Threatened  and  Special  Concern  Invertebrates 
Possibly  Occurring  on  Wheeler  National  Wildlife  Refuge 


SPECIES 

ALABAMA 

STATUS^ 

FEDERAL 

STATUS2 

Arthropoda:  Crustacea 

Palaemonias  alabamae 

ssc 

NL 

Mollusca:  Gastropoda 

Marstonia  olivacea 

PE 

NL 

Mollusca:  Bivalvia 

• 

Pegias  fabula 

E,  PE 

NL 

Ouadrula  c.  cylindrica 

E 

NL 

Fusconaia  cuneolus 

E 

E 

Fusconaia  cor 

E 

NL 

Fusconaia  barnesiana 

E 

NL 

Lexingtonia  dolabelloides 

E 

NL 

Plethobasus  cicatricosus 

E,  PE 

E 

Plethobasus  cooperianus 

E,  PE 

E 

Pleurobema  clava 

E,  PE 

NL 

Pleurobema  ovi forme 

E 

NL 

Pleurobema  plenum 

E 

E 

Hemistena  lata 

E 

NL 

Ptychobranchus  subtentum 

E 

NL 

Dromus  dromas 

E 

E 

Actinonaias  1.  liqamentina 

E,  PE 

NL 

Actinonaias  pectorosa 

E 

NL 

Oboraria  subrntunda 

E 

NL 

Oboraria  retusa 

E,  PE 

NL 

Potamilus  laevissimus 

E 

NL 

Toxolasma  1.  lividus 

E 

NL 
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Table  11-28.  Endangered,  Threatened  and  Special  Concern  Invertebrates  Possibly 
Occurring  on  Wheeler  National  Wildlife  Refuge  (Continued,  Page  2) 


ALABAMA  FEDERAL 

SPECIES  STATUS1  STATUS2 


Mollusca:  Bivalvia 


Toxolasma  cylindrellus 

E 

E 

Medionidus  conradicus 

E 

NL 

Villosa  fabalis 

E 

NL 

Villosa  t.  taeniata 

E 

NL 

L amps i 1 i s  o rbi cul a t a 

SSC 

E 

Lairpsilis  ovata 

E 

NL 

Epioblasma  triquetra 

E 

NL 

Truncilla  truncat.-. 

T 

NL 

Epioblasma  brevidens 

T 

NL 

Cumberlandia  monodonta 

SSC 

NL 

Plethobasus  cyphyus 

SSC 

NL 

Ptvchobranchus  fasciolaris 

SSC 

NL 

^rom  Boschung  led.],  1976. 

‘'From  USDI ,  1979b. 

o 

E=Endangered;  T=Threatened;  SSC=Species  of  Special  Concern;  NL=Not  Listed; 
PE=Possibly  Extinct  or  Extirpated  from  Alabama. 
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this  species  can  tolerate  the  present  high  levels  of  pollution  in 
Huntsville  Sprinq  Branch.  The  Olive  Hydrobiid  may  well  be  extinct. 

The  31  species  of  bivalves  listed  were  drawn  from  Stansbery  (In: 

8ost_  jng,  et_  al.,  1976.  Most  of  the  species  have  a  range  or  TTabitat 
description  listed  solely  as  "Tennessee  River  System",  so  it  is 
impossible  to  accurately  determine  the  presence  or  absence  of  these  taxa 
within  the  project  study  area.  However,  most  hf.ve  been  collected  only  a 
few  times,  often  only  before  the  extensive  system  of  TVA  dams  were 
installed  on  the  Tennessee  River.  These  dams,  plus  cultural  pollution 
(eutrophication,  siltation),  are  frequently  cited  (Stansbery,  1976)  as 
the  causes  of  the  extinction  or  extirpation  of  Alabama's  extraordinarily 
large  unionid  fauna.  Since  all  three  factors  are  pronounced  within  the 
study  area,  it  is  unlikely  that  any  of  these  bivalves  exist  there  today. 
None  were  collected  in  the  macroinvertebrate  surveys  of  Indian  Creek, 
Huntsville  Spring  Branch,  and  the  Wheeler  Reservoir  adjacent  to  the 
Redstone  Arsenal . 

Four  sensitive  taxa  of  fish  (see  Table  11-29)  are  found  in  the  area  in 
and  around  the  Redstone  Arsenal.  The  Tuscumbia  darter,  Etheostoma 
tuscumbia,  occurs  in  several  springs  and  their  spring  runs  surrounding 
the  Redstone  Arsenal,  although  it  has  not  been  collected  within 
Huntsville  Spring  Branch  or  within  the  Arsenal.  The  flame  chub, 
Hemitremia  flammea,  is  moderately  common  north  of  the  Tennessee  River, 
typically  inhabiting  limestone  springs  and  their  runs,  including  several 
surrounding  the  Arsenal.  It  has  been  extirpated  from  Huntsv i 1 le  Spring 
Rranch,  however,  and  it  is  not  now  known  to  occur  anywhere  within  the 
Arsenal.  The  southern  cavefish,  Typhlychthes  subterraneus,  is  an 
obligate  troglobite  (cave  dweller)  found  in  subterranean  waters  in  the 
Tennessee  and  Coosa  River  drainages.  "Outside  Alabama  it  has  the  most 
extensive  range  of  any  North  American  troglobitic  fish"  (Ramsey,  Jri: 
Boschung,  1976).  It  has  been  found  in  Muddy  Cave.  The  whiteline 
topminnow,  Fundulus  albol ineatus,  "probably  extinct  as  a  species,  is 
known  only  from  specimens  captured  in  (Huntsville)  Spring  Creek"  (Ramsey, 
In:  Boschung,  1976). 

The  hellbender,  found  over  a  large  area  of  the  eastern  United  States, 
occurs  in  Alabama  only  in  the  Tennessee  River  System.  Although  it  has 
not  been  collected  from  the  Arsenal's  waters,  it  occurs  in  the  nearby 
Flint  River  and  Walker  Creek.  It  prefers  large,  free-flowing  streams 
with  rocky  bottoms  and  clear  water  (Mount,  _In:  Boschung,  1976). 
"Impoundment,  channelization,  and  pollution  are  detrimental  to  hell¬ 
benders"  (Nickerson  and  Mays,  1972).  It  is  therefore  not  likely  to  occur 
within  the  project  area.  In  Alabama,  the  Tennessee  cave  salamander, 
Gyrinophilus  pelluceus,  is  known  from  several  caves  in  Jackson,  Madison 
and  Limestone  Counties.  However,  it  has  not  been  collected  from  within 
the  Arsenal . 

In  Alabama,  the  ranqe  of  the  eastern  spiny  softshell.  Trionyx  spiniferus 
spiniqerus,  is  the  Tennessee  River  System.  It  may  not  occur  Within  the 
Arsenal,  since  its  "optimum  habitat  is  a  free-flowing  creek  or  stream 
with  a  sand-ground  bottom.  The  impoundment  of  the  Tennessee  River 
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Table  11-29  Endangered,  Threatened  and  Special  Concern  Vertebrates 
Possibly  Occurring  on  Wheeler  National  Wildlife  Refuge 


SCIENTIFIC  NAME 

COMMON  NAME 

ALABAMA 

LISTING1 

FEOERAL, 

LISTING' 

FISH 

Etheostoma  tuscuinbia 

Tuscumbia  Darter 

T 

NL 

H'iini  trerr.ia  flamnea 

Flame  Chub 

SSC 

NL 

Typhlichthys  subterraneus 

Southern  Cavefish 

SSC 

NL 

Fundu 1  us  a  1  bo  1 i nea tus 

Whiteline  Topminnow 

SSC 

NL 

AMPHIBIANS 

Cryptobranchus  a.  al leganiensi s 

Hel Ibender 

T 

NL 

Gyrinophilus  palleucus 

Tennessee  Cave  Salamander 

SSC 

NL 

REPTILES 

Alliqator  mississippiensis 

American  Al 1 igator 

-T* 

i 

E 

Trionyx  spinferus  spinferus 

Eastern  Spiny  Softshell 

SSC 

NL 

BIROS 

Aquila  chrysaetos 

Golden  Eagle 

E 

NL 

Haliaeetus  leucocephalus 

Bald  Eagle 

E 

E 

Pandion  haliaetus 

Osprey 

E 

NL 

Falco  pereqrinus 

Peregrine  Falcon 

E 

NL 

Oendrocopos  borealis 

Red-cockaded  Woodpecker 

E 

E 

Flor^  caerulea 

Little  Blue  Heron 

SSC 

NL 

Mycteria  americana 

Wood  Stork 

SSC 

NL 

Nycticorax  nycticorax 

Black-crowned  Night  Heron 

SSC 

NL 

Accipiter  striatus 

Sharp-shinned  Hawk 

SSC 

NL 

Accipiter  cooperi 

Cooper's  Hawk 

SSC 

NL 

Buteo  lineatus 

Red-shouldered  Hawk 

SSC 

NL 

Falco  columbarius 

Merl in 

SSC 

NL 

Thryomanes  bewickii 

Bewick's  Wren 

SSC 

NL 

Limnothlypis  swainsonii 

Swainsons  Warbler 

SSC 

NL 

Aimoph’ la  aestival is 

Bachman's  Sparrow 

SSC 

NL 

MAMMALS 

Myotis  qrisescens 

Gray  Myotis 

E 

E 

Myotis  soda  1  is 

Indiana  Myotis 

E 

E 

Ursus  a.  americanus 

Northern  Black  Bear 

E  . 

NL 

Fel is  concolor  coryi 

Florida  Panther 

E 

E 

Sorex  1.  lonqirostris 

Southeastern  Shrew 

SSC 

NL 

Myotis  a.  austroriparius 

Southeastern  Myotis 

SSC 

NL 

Myotis  1.  lucifuqus 

Little  Brown  Myotis 

SSC 

NL 

Myotis  keenii  septrionalis 

Keen's  Myotis 

Rafinesque's  Big-eared  Bat 

SSC 

NL 

Plecotus  rafinesquii 

SSC 

NL 

Microtus  o.  ochrogaster 

Prairie  Vole 

SSC 

NL 

*From  Eoschung,  [ed.J,  1976 

2From  USDI,  1979b. 

3 

E*Endangered;  ^Threatened ;  $SC=Species  of  Special  Concern;  Nl-Not  listed. 
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throughout  its  length  in  Alabama  has  been  detrimental  to  the  eastern 
spiny  softshell,  and  there  are  no  recent  records  of  the  species  frcm  the 
Tennessee  River."  (Mount,  _In:  Boschung,  1976). 

The  Golden  Eagle,  Aqui . a  crysaetos,  is  seen  rarely  in  Alabama  in  the 
winter.  It  does  not  breed  in  Alabama.  It  inhabits  wila  country,  especi¬ 
ally  mountains  and  large  forests.  It  eats  a  variety  of  rodents  and  large 
birds.  Its  rarity  in  Alabama  is  attributed  to  illegal  shooting  (Keeler, 
In:  Boschung,  1976). 

The  Bald  Fagle,  Haliaeetus  1 eucocephal us .  once  was  common  in  the 
Tennessee  River  Valley,  nesting  there  in  the  summer  and  even  wintering 
there.  No  recent  nects,  however,  have  been  found  in  Alabama.  Fish  are 
its  main  food,  supplemented  by  carrion,  small  mammals,  birds  and  snakes. 
Its  decline  is  attributed  to  pesticides,  illegal  shooting,  and  harassment 
(Keeler,  hi:  Roschung,  1976). 

The  Osprey,  Pandion  ha  i  iaetus ,  was  formerly  a  fairly  common  breeding  birr) 
in  the  Tennessee  Valley.  It  has  been  rare  during  the  past  decade,  and, 
although  it  has  apparently  been  making  a  slow  comeback  since  DDT  was 
banned,  it  still  does  not  breed  in  the  Tennessee  Valley  (Keeler,  _h i: 
Boschung,  1976).  This  species  feeds  entirely  on  fish,  making  it 
especially  susceptible  to  DDT  poisoning. 

The  Peregrine  Falcon,  Falco  peregrinus,  rare  in  Alabama  in  winter  and  on 
migration,  formerly  bred  along  the  Tennessee  Valley.  It  feeds  primarily 
on  birds,  especially  waterfowl  and  shorebirds,  thus  exposing  itself  to 
pesticide  poisoning.  This  is  the  factor  blamed  for  its  catastrophic 
decline.  No  recent  breeding  records  are  known  from  Alabama  (Keeler,  In: 
Boschung,  1976). 

The  Little  Blue  Heron,  Florida  caerulea,  is  a  resident  of  the  wetlands 
within  the  Tennessee  Valley,  including  the  project  area.  This  species  of 
special  concern,  a  semi-aquatic  wading  bird,  feeds  mainly  on  frogs, 
crayfish  and  small  fish.  Being  exposed  to  the  DDT  contamination,  it  may 
be  accumulating  DOT. 

The  Sharp-shinned  Hawk,  Accipiter  striatus,  is  a  locally  common, 
permanent  resident  of  the  northern  portion  of  Alabama,  and  winters 
throughout  the  State.  It  feeds  in  open  woodlands,  primarily  on  small  to 
medium-sized  birds,  but  occasionally  takes  mice,  frogs,  lizards  and 
grasshoppers.  Pesticides  are  given  as  the  probable  reason  for  its 
decline  (Keeler,  In:  Boschung,  1976). 

The  Cooper's  Hawk,  Accipiter  coopori ,  was  a  common,  year-round  resident 
of  Alabama,  especially  in  moderately  wooded  areas.  It  feeds  primarily  on 
birds,  but  will  also  eat  rabbits,  rodents,  amphibians,  reptiles  and 
insects.  This  species  also  appears  to  be  declining,  probably  due  to  the 
use  of  pesticides  (Keeler,  J_n:  Boschung,  1976). 

The  Red-shouldered  Hcwk,  Buteo  li neatus ,  "was  the  most  common  and  wide¬ 
spread  of  all  soaring  hawks  in  Alabama  until  about  1970.  Since  then  the 
population  has  experienced  a  rapid  decl ine. . ..Habitat  destruction  and 
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pesticides  are  factors  influencing  the  declining  population"  (Keeler,  In: 
Bosclung ,  197o ) . 

_ r'* 

bewick's  Wren,  Thryomanes  Pewickii,  breeds  uncommonly  in  tne  Tennessee 
Kiver  Valley  ana  t he  mountains  of  Alabama.  Its  numbers  nave  oeclined 
drastically  throughout  the  Southeast  since  19bb.  The  causes  are  pouriy 
understood,  although,  since  it  feeds  primarily  on  insects,  pesticides  may 
nave  been  a  factor,  habitat  changes  do  not  appear  to  be  a  factor  in  the 
oecline.  North  Alabama  is  on  the  periphery  or  its  range  (Keeler,  In: 
Boschung,  1976). 

bwainson's  warbler,  Limnothlypis  swainsonii,  is  an  uncommon  summer  resi¬ 
dent  in  the  Coastal  Plain  ana  Tennessee  Kiver  Valley  of  Alabama.  It 
feeds  primarily  on  insects.  It  breeds  in  river  swamps,  particularly 
where  cane  (Arunoinari a)  grows.  The  project  area,  particularly  along 
nuntsville  Spring  branch,  contains  significant  amounts  of  this  habitat. 
However,  recent  evidence  indicates  the  Alaoama  population  is  too  thinly 
disperseo  for  individuals  to  find  mates  and  breed  (Keeler,  _l£:  Boschung, 
1976).  Also,  insects  do  not  appear  to  be  very  abundant  along  Huntsville 
Spriny  Branch,  as  evidenced  by  aquatic  macroinvertebrate  data,  arid  by 
direct  field  observations. 

Bachman's  Sparrow,  Aimophila  aestivalis,  is  a  permanent  resident  every¬ 
where  in  Alabama  where  there  is  suitable  habitat,  which  is  dry  pine  and 
scrub  oak  woods,  particularly  the  dry  ridges  (Keeler,  J_n:  Boschung, 
197b).  This  habitat  does  not  occur  within  the  project  area. 

The  black-crowned  (light  heron,  Nycticorax  nycticorax,  is  art  uncommon, 
year-round  resident  of  the  area  (UbOI ,  1979a)  .  Its  main  food  is  fish, 
but  it  will  also  feed  on  a  variety  of  insects,  small  rodents  and 
reptiles,  amphibians,  and  aquatic  crustaceans. 

The  Merlin,  F-alco  columbarius,  is  an  occasional  autumn  and  winter  visitor 
to  the  area  (USuf,  1979a)'.  Ft  feeds  primarily  on  small  biros  up  to  tne 
size  of  pigeons,  and  will  also  eat  small  mammals  and  large  insects 
(Keeler,  J_n:  boschung,  1976). 

The  American  alligator.  Alligator  mississippiensis,  apparently  did  not 
oriyinally  inhabit  the  project  area,  however,  several  saurians 
(alligators  or  tropical  caimans)  have  been  sighted  at  the  Wheeler  Refuge. 
These  are  believed  to  be  released  pets  (Speake  and  Mount,  1974). 

Two  species  of  endangered  mammals  are  known  to  occur  on  the  wheeler 
Refuge  (Atkeson,  Personal  Communication,  I97y),  and  thus  possibly  in  the 
study  area.  These  are  the  gray  bat,  Myotis  grisescens,  and  the  Indiana 
bat,  Myotis  sodalis.  Uf  critical  concern  to  the  gray  bat  are  suitable 
maternity  caves,  of  which  there  are  two  in  northern  Alabama.  Neither 
cave  is  located  on  keostone  Arsenal  property  (Uusi,  1976).  The  Distri¬ 
bution  of  tne  Indiana  bat  in  Alabama  is  not  well  documented,  both  feed 
over  water  on  insects.  Commercialization  of  caves  and  cave  vandal izat ion 
are  cited  as  the  primary  causes  of  their  decline. 


Il-bb 


REVISED  APRIL  1984 


2.3  utULUGY  AND  PHYblUGKAPHY 


A  considerable  amount  of  general  information  has  been  drawn  together  in 
the  publication  "tnvironmental  Geology  and  Hydrology,  Huntsville  and 
Madison  County,  Alabama",  published  as  Atlas  beries  8  by  the  Geological 
Survey  of  Alabama  in  1975.  This  publication  states  "The  hills  east  of 
Huntsville  dominate  Madison  County's  topography.  These  uplands  are  the 
Appalachian  plateau  -  part  of  the  Appalachian  Mountains.  The  western 
edge  of  the  area,  tne  Cumberland  escarpment,  joins  with  the  Interior  Low 
Plateaus  area  at  its  oase-the  flatter,  rolling  lands  of  Madison  County". 
There  are  some  pronounced  hills  or  small  mountains  within  the  Arsenal 
property,  which  are  comprised  of  rocks  that  have  not  eroded  away. 

The  ground  surface  is  generally  underlain  with  unconsolidated  soil 
materials  which  are  generally  transported  accumulations  resulting  from 
rock  weatnering  and  depositeo  by  an  ancestral  stream.  Near  Huntsville 
Spring  branch  arm  of  Wheeler  Lake,  these  materials  generally  lie  on  the 
Tuscuinbia  Limestone  which  averages  150  feet  in  thickness.  This  is  under¬ 
lain  by  the  Fort  Payne  Limestone  which,  because  it  contains  beds  of 
chert,  is  usually  called  the  Fort  Payne  Chert.  The  formation  is  gener¬ 
ally  155  to  185  feet  thick.  It  is  principally  the  limestones  which  serve 
as  the  aquifers  in  the  area. 

Tne  unconsolidated  surficial  materials  (called  Regolith),  transmit  some 
water,  but  less  freely  than  do  the  underlying  limestone  members,  where 
the  water  general ly  moves  through  solution  passages,  mostly  located  along 
fracture  lines. 

Much,  if  not  all,  of  the  area  is  karstic,  which  is  defined  as  "an 
irregular  limestone  region  with  sinks,  underground  streams,  and  caverns". 
This  condition  is  caused  by  the  dissolving-away  of  calcium  carbonate  and 
other  minerals  from  the  rock  by  the  water  that  has  been  flowing  in 
passages  tnrough  the  rock.  Over  geologic  time  the  result  is  subsidence 
features  such  as  sinkholes,  or  even  declines  in  the  earth's  surface 
elevation  over  large  areas  which  lead  to  the  development  of  aimless 
internal  drainage  patterns  to  the  underground  aquifers  rather  than  a 
ubiquitous  pattern  of  surface  drainage  out  of  the  area  by  organized 
stream  patterns. 

The  construction  of  surface  impoundments  on  the  land  surface  in  karst 
terrains  can  lead  to  new  sinkhole  collapses  due  to  the  increased  loading 
on  the  Regolith  caused  by  the  weight  of  the  water.  The  resulting  new 
sinkholes  may  provide  a  source  of  groundwater  contamination,  as  older 
sinkholes  often  do. 

2.4  HYOkOLUuY 
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area  public  or  private  water  supplies  were  contaminated  with  UuT 
(including  its  analogs)  or  heavy  metals.  This  report  concludeo  that 
"None  of  the  potable  water  supplies  investigated  during  this  study  v.ere 
found  to  be  contaminated  with  UUT  or  its  metabolites.  However,  low 
levels  of  other  pesticides  were  detected  at  some  of  tne  water  supplies." 

In  a  later  survey,  LPA  (1980)  reported  detectable  DOTR  in  21  of  21  wells 
located  in  four  areas  of  Redstone  Arsenal.  Concentration  patterns 
indicateo  uniform  widespread  contamination  not  related  to  old  OUT  plant 
site  or  disposal  areas.  Sample  contamin  tion  problems  were  suspected. 

2.5  CULTURAL  RE5UURCLS 

In  the  project  area,  two  distinct  settlement  zones  may  be  defined  for  the 
prehistoric  period: 

1)  The  Tennessee  River  Valley  zone 

2)  The  Upland  Settlement  zone 

The  differences  between  occupation  of  tne  zones  are  dramatic  and  pertain 
to  every  time  period  subsequent  to  the  Paleo-Indian  era.  During  sane 
periods,  such  as  the  Archaic  and  Woodland,  settlement  occurred  in  both 
zones,  although  the  types  of  sites  and  exploitation  strategies  in  each 
differed.  During  tnese  periods,  river  valley  and  upland  occupation  was 
characterized  by  a  shifting  settlement  pattern,  but  as  a  whole  encom¬ 
passed  a  single  settlement/subsistence  system. 

The  pattern  of  human  use  of  the  area  around  Huntsville  Spring  Branch 
begins  with  fragmentary  evidence  of  Paleo-Indian  occupation,  primarily  as 
hunting  camps  or  other  limitea  activity,  near  the  most  reliable  water 
sources  in  the  area. 

During  the  Archaic  period,  the  uplands  were  exploited  to  a  limited 
degree,  with  small  temporary  encampments  located  on  swamp  margins  ana 
near  small  streams  in  the  interior.  Larger,  more  stable  base  camps  were 
located  in  the  Tennessee  River  Valley.  This  pattern  of  shifting 
settlement  probably  reflects  alternating  periods  of  population  aggre¬ 
gation  and  dispersion  with  larger  groups  coming  together  at  the  River 
Valley  base  camps  and  seasonally  dispersing  into  small  groups  of  nuclear 
families  to  exploit  the  uplands. 

Later,  during  the  Woodland  period,  the  River  settlement  zone  continued  to 
be  the  area  of  maximum  population  with  the  appearance  of  large  base 
camps,  mound  and  village  sites,  and  isolated  mounds.  Exploitation  of  the 
upland  zone  persisted  with  the  presence  of  limited  activity  sites.  How¬ 
ever,  a  major  change  during  this  period  was  marked  by  large  base  camps  in 
the  upland  zone.  The  relationships  between  the  upland  base  camps  and 
river  valley  mound  and  village  sites  remains  to  be  explained. 

In  the  Mississippian  period,  it  appears  the  upland  zone  was  shunned,  but 
river  valley  settlement  continued  with  the  development  of  mound  and 
village  sites.  It  may  be  that  use  of  the  highlands  in  the  form  of 
limited  activity  sites  associated  with  tne  river  valley  settlements  may 
lie  outside  the  project  area,  or  may  contain  artifacts  not  sufficiently 
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unique  to  be  diagnostic  of  a  Mississippian  occupation,  or  nay  not  ue 
detectable  by  present  research  methods. 

Occupation  ot  the  project  area  during  tne  historic  period  consists 
primarily  of  settlement  by  agriculturalists.  Most  of  the  sites  are 
former  farm  nouses,  and  at  several,  the  remains  of  the  former  structures 
ano  outbuilding.,  are  evident  on  the  surface.  Tnese  sites  are  either  on 
or  near  to  soil  tnat  is  well-suited  for  agriculture. 

The  sites  in  the  project  area  are  fairly  abundant  at  about  17  discovered 
sites  per  square  mile.  Analysis  of  environmental  factors  indicate  that 
ttie  sites  tend  to  cluster  in  the  following  manner: 

1)  They  tend  to  be  on  higner  ground  relative  to  the  surrounding 
terrain,  with  bottomland  knolls  particularly  favored 

if)  They  tend  to  be  found  between  the  56b  and  5BU  foot  elevations 

3)  They  teno  to  oe  0  to  2  meters  above  the  nearest  water  source 

a)  They  tend  to  be  within  50  meters  of  a  water  source 

5)  They  teno  to  be  on  or  near  soils  well  suited  for  horticulture . 

Thus  we  can  conclude  that  the  Wheeler  basin  is  cnaracteri zed  by  an 
intensive  prehistoric  occupation,  and  any  elevated  knoll  within  a  short 
distance  frum  water  is  likely  to  yield  evidence  of  prehistoric  activity. 

3.0  UUTR  01STKI6UT10N 

3.1  OUTK  IH  btUlMENTS 

3.1.1  Indian  Creek  and  Huntsville  Spring  branch 

Introductiori--Siqn'  icant  contamination  with  UDTk  resulting  from  past 
waste  discharges  from  the  01  in  ODT  manufacturing  facility,  occurs  in  tne 
sediments  throughout  both  Huntsville  bpring  Branch  ano  Indian  Lreek.  The 
area  of  nighest  contamination,  however,  is  confined  primarily  to  the 
channel  and  near  overbank  downstream  from  the  old  waste  ditch  outfall  a 
distance  of  if. 7  miles  to  just  upstream  of  Dodo  Road. 

It  is  estimated  that  over  475  tons  of  DOTH  as  OUT  is  contained  in  the 
seoiments  of  the  channel,  overbank  and  ponded  areas  of  Indian  Lreek  and 
Huntsville  bpring  Branch.  Approximately  465  tons  or  97.8  percent  of  the 
total  is  contained  within  the  sediments  of  Huntsville  bpring  branch 
between  Oodo  and  Patton  Roads.  Only  6.7  tons,  or  i.4  percent  of  the 
total,  is  contained  in  Huntsville  bpring  Branch  from  Mile  0  to  if. 4,  and 
3.7  tons,  or  U.8  percent  of  the  total  is  contained  in  tne  sediments  of 
Indian  Lreek.  Less  than  1  ton  of  OUTk  as  DOT  is  dispersed  over  the 
floodplain  to  the  south  ano  east  of  Inaian  Lreek  and  Huntsville  Spriny 
branch. 

A  summary  of  the  UuTK  concentrations  found  in  the  sediments  of  Indian 
Lreek,  Barren  Fork  Creek  ibFL)  and  Huntsville  bpring  Branch  is  shown  in 
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The  total  surface  area  assigned  to  each  transect  as  well  as  surface  areas 
in  each  of  ttie  above-mentioned  hydrologic  categories  were  determined  tor 
both  left  and  rignt  banks  (facing  downstream)  in  Indian  Creek  ana 
Huntsville  Spring  Branch  using  planimetric  metnods  and  1"  =  b00‘  scale 
location  maps. 

Trie  widtn  along  each  transect  in  each  hydrologic  class  was  determined 
from  transect  profiles  supplied  by  TVa.  Individual  cores  were  then 
classified  as  to  the  hydrologic  category  into  whicn  they  were  located,  a 
surface  area  was  assigned  to  each  individual  core  as  follows: 

a  =  (Ai ) (b/b) 

where:  a  =  surface  area  assigned  to  core 

M.j  =  surface  area  assigned  to  hyorologic  category  i 
B  =  width  along  the  transect  assigned  to  hydrologic  category  i 
d  =  width  along  the  transect  assigned  to  an  individual  core,  in 
hydrologic  category  i. 

The  volume  of  sediment  represented  by  each  individual  core  aeptn  horizon 
was  then  determined.  Low  and  high  estimates  were  made  as  follows: 

o  Low  Estimate--basec  on  the  probe  data  provided  by  TVm,  the 
distance  along  each  transect,  in  each  hydrologic  category  assigned  to 
each  core  in  each  of  the  four  deptn  horizons:  0-6",  6-12",  12-24",  and 
>24“,  was  determined  as  follows: 

v  =  a(zt/b)Ad 

where:  v  =  sediment  volume  assigned  to  core  depth  horizon,  low 
estimate 

=  total  transect  width  in  deptn  horizon  assigned  to 
core 

#d  =  depth  increment  in  horizon  (6"  was  assumed  for  >24" 
depth  horizon) 

o  High  Estimate--since  the  entire  floodplain  of  Inoian  Creek  - 
Huntsville  bpring  Branch  is  underlain  by  alluvial  and  residual  soils  to 
depths  generally  in  excess  of  20  feet,  trie  interpretation  of  the  probe 
data  may  be  somewhat  ambiguous.  Thus,  a  volume  of  sediment  attributable 
to  each  core  based  simply  on  the  depth  increment  of  each  horizon  was 
determined  as  follows: 


V  =  a  Ad 

whe^e:  V  =  sediment  volume  assigned  to  core,  depth  horizon,  high 
estimate . 

The  total  quantity  of  each  DOTH  isomer  attributable  to  each  core-depth 
horizon  was  determined  as  follows: 

in  =  V  Yd  c 

where:  m  =  mass'of  the  isomer  attributed  to  volume  represented  by  core 
depth' horizon 
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=  estimated  unit  dry  weight  of  tne  sediment  in  the  depth 
horizon 

c  =  isomer  concentration,  ppm. 

Tne  unit  cry  weight  of  the  sediment  in  each  depth  horizon  was  calculated 
us ng  the  following  equation  and  data  supplied  by  TVA  from  laterally 
composited,  disturoed  core  samples: 


Ys 


where:  W  =  moisture  content 

=  estimated  unit  weight  of  solids 

(1.031(2.70) 
f(Y77^T7(TJr+r7o  3 

f  =  volatile  solids  fraction 

The  areal  distribution  of  UuTk  was  calculated  by  summing  over  the  depth 
horizons  and  isomers  as  follows: 

(m/a)DDTR  =  T.  £  i5d  y  d  c 

UUTK  and  individual  metabolite  totals  and  subtotals  were  determined  both 
as  straignt  sums  and  as  the  equivalent  weight  of  UUT.  Kor  ease  of  isomer 
and  metabolite  comparisons  results  are  generally  reported  as  UUT.  In 
situations  wnere  reported  results  were  Delow  analytical  detection  limits 
a  range  of  values  was  determined  assuming: 

(a)  all  less  than  values  equal  0.0,  and 

(b)  all  less  than  values  equal  the  stated  value  (i.e.,  reported 
detection  limit.) 

In  general  sediment  OUTR  levels  in  Indian  Creek  and  Huntsville  Spring 
branch  were  significantly  above  detection  limits  for  most  isomers,  thus, 
unless  otherwise  reported,  only  upper  limits  are  reported. 

In  situations  where  isomer  concentration  data  existed  for  a  vertical  or 
lateral  composite  or  subcomposite  as  well  as  for  all  but  one  individual 
core  in  tne  composite,  the  isomer  concentrations  in  the  missiny  core  were 
determined  as  follows  (see  Table  11-34): 

cc  =  (W  r)  -  i  c 

where:  cc  =  calculated  concentration 

W  =  weight  factor  =  number  of  cores  in  the  composite 
tr  =  lateral  or  vertical  composite  concentration 
c  =  individual  core  measured  concentration. 

In  areas  in  Indian  Creek  and  Huntsville  Spring  Branch  within  the 
influence  of  Wheeler  Reservoir  but  not  sampled  in  the  course  of  this 
study,  concentration  and  depth  of  contamination  had  to  be  estimated, 
data  was  derived  either  from  previous  survey  information  (TVA,  1977)  or 
estimated  from  samples  taken  ir.  the  course  of  this  survey  (see 
Taole  11-35). 
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Table  11-35.  Estimated  DOT  Residue  Sediment  Concentrations  (ppm)  (Continued,  Page  2) 
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General  Extent  of  OUTk  Contan’,ination--Surf icial  sediments  in  the  channel, 
ov'erbanK,' "pondetf  and  floodplain  areas  of  Indian  Creek-Huntsvi 1 le  Spring 
Branch  contain  DDT  residue  levels  ranging  from  <1  Ib/acre  to 
>47  tons/acre  as  DUT.  Figure  11-15  illustrates  the  extent  of  the  UDTR 
contamination  in  HbB  upstream  of  Mile  1.5  and  downstream  of  Patton  Road. 
As  this  figure  illustrates,  the  most  hignly  contaminated  areas  occur 
downstream  of  the  old  waste  ditch  outfall  a  distance  of  approximately 
l.b  miles  and  within  and  25U-5U0  feet  on  either  side  of  the  main  stream 
channel.  DOTR  levels  in  excess  of  5  tons/acre  or  over  5  orders  of 
magnitude  above  levels  found  in  the  adjacent  flood  plain  and  upstream 
channel  sediments  occur  throughout  this  area.  DDTR  levels  in  the  main 
channel  as  far  downstream  as  Dodd  Road,  2.7  miles  downstream  of  the  old 
outfall,  exceed  0.5  tons/acre  over  much  of  the  channel  bottom.  Channel 
sediments  downstream  of  Liodd  Road  in  Huntsville  bpring  tsrancn  contain 
ODTK  at  levels  ranging  from  0.001-0.5  tons/acre.  Channel  deposits  in 
this  stretch  appear  to  oe  most  heavily  contaminated  in  the  shallower 
areas  which  do  not  appear  to  be  actively  scouring.  For  example,  at 
Mile  i .7,  three-quarters  of  a  mile  downstream  of  Dodo  Road,  the  highest 
DUTR  levels  in  the  channel  occur  in  an  area  50  to  250  feet  to  the  left  of 
the  cnannel  thalweg  at  depths  2  to  3  feet  shallower  than  the  deepest 
point  in  the  channel  where  ODTK  levels  are  approximately  17  pounds  per 
acre  vs.  490  pounds  per  acre  at  the  thalweg.  Channel  deposits  in  Indian 
Creek  downstream  of  the  confluence  with  Huntsville  bpring  Branch  contain 
DUTR  levels  ranging  from  approximately  2.2  lb/acre  at  the  confluence  with 
the  Tennessee  River  to  over  0.5  ton/acre  at  Mile  5.0,  0.4  miles  upstream 
of  the  channel  constriction  at  Centerline  Road  and  U.2  miles  downstream 
of  the  confluence  with  HSB. 

The  overbank  areas  within  the  HSB  drainage  basin  are  contaminated  with 
DUTR  at  levels  ranging  from  approximately  0.002  to  over  2  tons/acre.  As 
mentioned  above,  the  most  heavily  contaminated  overbank  areas  occur  in  a 
strip  250  to  500  feet  wide  paralleling  the  main  channel  from  approxi¬ 
mately  1000  feet  upstream  of  the  old  outfall  downstream  a  distance  of 
1.5  miles  to  below  Mile  4.0.  UuTk  levels  in  this  band  range  from  >0.05 
to  <2.3  tons/acre.  The  level  of  contamination,  however,  is  inversely 
proportional  to  the  distance  from  the  main  channel.  The  lateral 
distribution  in  this  stretch  does  not  appear  to  be  symmetric  with  respect 
to  the  cnannel,  with  areas  to  the  south  of  the  main  channel  contaminated 
for  greater  distance  than  those  to  the  north,  reflecting  the  broader 
widtn  of  tne  floodplain  and  overDank  to  the  south.  Downstream  of 
Mile  4.0,  overbank  areas  do  not  appear  to  be  nearly  as  heavily 
contaminated  with  UuTk,  witn  levels  in  the  range  of  <1  to  23  lb/acre. 
These  levels  are  comparable  to  those  found  in  Indian  Creek  downstream  of 
Mile  3.0. 

Off  channel  ponded  areas  in  Hb8  which  are  inundated  at  normal  pool  stage 
in  Wheeler  Reservoir,  generally  contained  UuTK  levels  5-lU  times  those 
found  in  adjacent  overbank  areas.  DUTR  levels  generally  range  from 
4-80  lb/acre,  although  at  Miles  3.0  and  3.5  levels  in  excess  of 
200  Ib/acre  were  observed.  Nevertheless,  all  ponded  areas  sampled  in  the 
cojrse  of  this  study  contained  L'JTR  levels  2-3  orders  of  magnituae  lower 
than  those  observed  in  the  adjacent  channel  deposits.  Although  no 


off-channel  cores  were  obtained  in  Indian  Creek  in  the  course  of  this 
study,  previous  surveys  indicate  that  a  similar  relationship  occurs 
between  ponded  and  adjacent  channel  DDTR  levels  (TVA,  1977). 

With  the  exception  of  floodplain  areas  within  0.5  miles  of  the  old  waste 
ditch  outfall,  surface  (0-6")  soils  within  the  floodplain  of  Indian  Creek 
and  Huntsville  Spring  branch  generally  contain  DOTH  levels  below 
1  lb/acre.  DOTH  levels  in  BFC  are  on  the  order  of  <10  Ib/acre.  These 
areas  contain  a  relatively  minor  portion,  i.e.<<  1  percent,  of  the  total 
DOTH  contaminating  the  sediments  of  IC-HSB. 

The  vertical  distribution  of  the  UOTK  in  the  channel  and  overbank  areas 
is  dependent  upon  the  distance  from  the  old  waste  ditch  outfall. 

Figure  1 1-lb  illustrates  the  00TK  sediment  concentrations  at  four  cross- 
sections  in  HSB,  at  Miles  5.0,  4.5,  3.5  and  at  Mile  1.7,  0.4  miles 
downstream  of  Uodd  Koad.  Upstream  of  Mile  3.5  evidence  of  significant 
DDTR  contamination  at  depths  >24"  exist.  Although  there  is  some  indica¬ 
tion  of  highly  contaminated  sediments  being  covered  by  less  contaminated 
deposits,  this  does  not  appear  to  be  a  significant  process  as  over 
57  percent  of  the  UuTk  ir.  the  channel  sediments  upstream  of  Uodd  Koad 
occurs  within  12  inches  of  the  sediment :water  interface. 

ms  mentioned  above,  of  the  estimated  475  tons  of  UUTk  contained  in  the 
sediments  of  IC-HSB,  465  tons  or  over  97  percent  is  contained  within  the 
2.7  mile  stretch  of  HSb  between  Dodd  Road  and  Patton  Koad.  Of  this 
total,  333  tons  or  70  percent  resides  in  the  channel  bottom  deposits, 

136  tons  or  29  percent  resides  in  the  overbank  sediments  and  the 
remaining  2.2  tons  or  <1  percent  of  the  total  occurs  in  the  off  channel 
ponded  area  sediments  (see  Table  11-36). 

The  longitudinal,  lateral,  and  vertical  distribution  of  DDTK  in  the 
sediments  of  HSB  upstream  of  Uodd  Koad  exhibit  a  somewhat  complex  pattern 
as  a  result  of  repeated  transport  and  deposition.  Although  29  percent  of 
the  DDTK  upstream  of  Uodd  Koao  occurs  in  the  overbank  areas  outside  of 
the  main  channel,  at  least  131  tons  or  over  96  percent  occurs  within 
20U  feet  of  the  channel.  Furthermore,  over  99  percent  of  the  total  DDTR 
in  the  overbank  occurs  upstream  of  Mile  3.5.  Nearly  124  tons  or 
91  percent  of  the  total  UUTK  in  tne  overbank  occurs  within  12  inches  and 
over  99  percent  occurs  within  2  feet  of  the  surface. 

Figure  11-17  illustrates  the  relationship  between  the  mass  of  DDTK  and 
the  associated  volume  of  sediment  in  channel,  overbank  and  ponded  areas 
of  IC  and  HSB  as  well  as  the  overall  mass-volume  relationship.  Kemoval 
of  +99  percent  of  the  DDTK  contaminated  sediments  from  IC  and  HSB  would 
require  the  displacement  of  one  million  cubic  yards. 

Over  73  percent  of  the  DDTR  contaminating  the  surficial  sediments  of  the 
IC-hSB  system  occurs  within  only  0.12  million  cubic  yards  in  the  channel 
and  near  overbank  areas  of  HSB  between  Miles  4.0  and  5.4.  This  volume  of 
sediment  constitutes  only  3  percent  of  tne  total  volume  of  DDTK 
contaminated  sediment  in  the  IC-HSB  system.  The  next  20  percent  of  the 
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Table  1 1- 3b .  Mass  Distribution  of  DUTR  in  the  sediments  of  Indian  Creek 
and  Huntsville  Spring  branch  as  a  Function  of  Hydrologic 
Category,  August  1979 


Location 

Depth 

Channel 
Ions 
as  DuT 

Hydrologic 

Overbank 

Ions 
as  DdT 

Category 
Ponded 
ions 
as  DDT 

Total 
Tons 
as  DDT 

HSBM  2.4-5.b 

0-6“ 

82.2 

71.4 

1.2b 

155 

b-12" 

104 

52.0 

0.10 

15b 

12-24" 

102 

12.7 

0.14 

115 

>24" 

39.1 

0.21 

NEGL 

39.3 

Overal 1 

327 

13b 

1.50 

465 

HSBM  0-2.4 

0-6" 

4.2b 

0.22 

0.15 

4.62 

6-12" 

1.65 

0.06 

NtGL 

1.71 

12-24" 

0.34 

NEGL 

NEGL 

0.34 

>24" 

0.03 

NEGL 

NEGL 

0.03 

Overal 1 

6.27 

0.28 

0.15 

6.70 

ICM  0-5.0 

0-6" 

1.40 

0.14 

0.57 

2.11 

6-12" 

0.69 

NEGL 

NEGL 

0.b9 

12-24" 

0.8b 

NEGL 

NEGL 

0.85 

>24" 

0.04 

NEGL 

NEGL 

0.04 

Overal 1 

2.98 

0.14 

0.14 

3.69 

NuTt:  Includes  estimated  data. 
NtGL  =  Negligible 
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DOT  residue  contaminates  an  additional  0.17  million  cubic  yams,  dust 
under  99  percent  of  the  LMJTK  is  associated  with  approximately  1.0  million 
cubic  yards  of  sediment,  the  bulk  of  whicn  occurs  in  the  channel  and  near 
overbank  deposits  in  HSB  upstream  or  the  confluence  with  IC  and 
downstream  of  the  old  waste  ditch  outfall.  Tne  next  0.75  percent  of  the 
UUTR  contaminates  a  volume  of  sediment  approximately  equal  to  the  volume 
contaminated  by  99  percent  of  the  total  OUTK. 

Physically,  the  surface  sediments  throughout  mos*'  of  Indian  tree*,  and 
Huntsville  Spring  Branch  range  Trom  clay  to  clay  loam  to  sanay  clay. 
Channel  sediments  throughout  most  of  Indian  Lr^ek  downstream  of  the 
confluence  with  HSB  are  clays  with  over  7b  pe.--.ent  fines.  Sediments  in 
HSb  exhibit  greater  variation  in  general  than  those  in  IC.  Nevertheless, 
the  distribution  of  DUTK  in  the  sediments  of  botn  IC  and  HSb  does  not 
appear  to  correlate  closely  with  any  of  the  physical  characteristics  of 
the  sediments. 

Nearly  67  percent  of  the  total  DUTK  in  the  sediments  of  IC  ana  hSB,  or 
318  tons  occurs  as  either  tne  o,p-  or  p,p-isomer  of  UuT.  The  remaining 
157  tons  exists  as  one  or  the  other  of  the  metabolites,  UUU  or  Dot.'. 
Overall,  DUD  is  the  primary  metabol ite,  constituting  over  two-thiros  of 
the  metabolized  fraction  or  113  tons,  approximately  4a  tons  occurs  as 
UuE,  the  other  major  metabolite. 

Tne  distributional  patterns  of  UDT  and  each  of  the  metabolites  are  all 
different  from  each  other  as  well  as  that  of  the  sum,  i.e.,  UUTK.  The 
relative  concentration  of  DDT  is  related  to  the  total  UUTK  concentration. 
Higher  relative  DOT  concentrations  are  correlated  with  higher  UUTK  con¬ 
centrations  as  snown  in  Figures  11-18  tnru  II-2U  for  channel,  overbank 
and  ponded  area  sediments. 

Figure  1 1-21  illustrates  the  relative  contribution  of  DDT  and  each  of  the 
major  metaDolites  to  the  total  UuTk  in  the  surface  U-b"  sediments  as  a 
function  of  distance  from  the  outfall.  DDT  constitutes  bU  percent  of  the 
UUTR  in  HSB  upstream  of  Dodd  Road,  4b  percent  downstream  to  the  conflu¬ 
ence  with  IC  and  only  27  percent  of  the  DDTK  in  Indian  Creek.  In  HSb 
upstream  of  Dodd  Road  at  depths  >24"  over  80  percent  of  the  DDTR  is  DDT. 

Figure  11-22  illustrates  the  relative  contributions  of  OUT  and  the 
metabolites,  as  well  as  each  of  the  separate  isomers,  in  the  surface  U-b" 
sediments  along  the  sampling  transect  at  HSb  Mile  4.2.  The  relative 
distribution  of  each  of  the  metabolites  across  this  transect  follows  a 
pattern  analogous  to  that  of  the  longitudinal  distribution,  with  DDT 
constituting  most  of  the  DuTK  in  the  heavily  contaminated  channel  and 
near  overbank  sediments,  witn  DUD  and  finally  UuE  predominately  as  one 
moves  to  areas  further  from  the  heaviest  contamination.  This  figure  also 
illustrates  the  relative  distribution  of  the  o,p-  and  p,p-isomers .  In 
general  it  appears  that  the  p,p-isomer  is  predominate  regardless  of  the 
metabol ite. 

3.1.2  Tennessee  River  and  Tributaries 

A  summary  of  UUTK  concentrations  in  sediments  in  the  Tennessee  River  and 
tributaries  is  shown  in  Table  11-37.  Detectable  quantities  of  DUTK  were 
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found  in  three  of  the  seven  tributaries  in  amounts  ranging  from  0.02  to 
0.17  ppm.  Considering  "less  than"  values,  the  maximum  amounts  that  could 
have  been  present  were  0.11  to  0.22  ppm.  If  no  isomer  was  detected,  the 
UDTH  detection  limit  was  generally  reported  as  <0.14  ppm. 

Samples  were  taken  in  the  Tennessee  River  from  Nile  2b0  in  Wilson 
Reservoir  to  Mile  375  in  Guntersville  Reservoir.  Detectable  quantities 
of  UUTR  were  T'ouna  in  all  nine  samples  from  TkM  2bU  to  TkM  3UU.  The 
average  actually  detected  was  0.08  ppm  with  a  range  of  u.05  to  O.lu  ppm. 
Considering  "less  than"  values  these  levels  could  be  as  much  as  0.18 
(0.16-0.19)  ppm. 

No  DoTR  was  detected  in  either  of  the  two  sediment  samples  taken  in 
Guntersville  Reservoir  at  TkM  350  and  375.  Nor  was  DOTR  aetected  in 
either  of  the  samples  taken  at  TKM  320.8  and  325  in  Wheeler  Reservoir 
upstream  of  the  confluence  with  It'. 

The  UUTR  was  estimated  for  Wilson  Reservoir,  Wheeler  keservoir 
(TRM  275-300),  Limestone  Creex,  Paint  Rock  River,  and  Spring  Creek.  No 
estimate  was  made  for  areas  where  no  DOTR  was  detected.  Trie  amount  of 
OUTk  was  calculated  assuming  a  six  inch  depth  of  sediment,  measured 
moisture  and  volatile  solids  fractions,  bottom  area  at  high  pool  (i.e. 
elev.  55b)  measured  UOTk  values  ano  the  calculation  procedure  described 
in  Section  3.1.1.  The  results  are  as  follows: 


Total  DuTk,  lbs 


Wilson  keservoir 

>  800 

<1,780 

Tennessee  River  275-3UO 

>2,790 

<3,880 

Paint  Hock  River 

> 

0.9 

< 

19 

Limestone  Creek 

> 

34 

<  13a 

Spring  Creek 

> 

45 

< 

81 

3.2  DISTRlbUTlON  OF  DuTk  IN  WATER 

The  quantity  of  DOTR  suspended  or  dissolved  in  the  water  column  at  a 
given  instant  is  a  relatively  minor  fraction  of  the  total  quantity  of 
DOTR  in  the  IC-HSB-TR  system.  For  example,  based  on  the  range  of  DOTR 
concentrations  observed,  in  Wheeler  Reservoir  ano  its  major  tributaries 
during  the  course  of  this  study,  including  IC  and  HSB,  less  than  1  ton  of 
UUTR  as  OUT  is  likely  to  ever  be  in  suspension  at  a  given  point  in  time. 
If  the  UUTR  were  uniformly  distributed,  nearly  0.3  tons  would  have  to  be 
in  the  water  columns  to  reach  analytical  detection  limits  reported  in 
this  study. 

Maximum  UUTR  concentrations  Observed  during  tnis  study  occurred  at  H56  at 
Uodd  Road  during  storm  event  sampling  on  I/jlB/80.  a  total  UUTR  concen¬ 
tration  of  17.8  ug/1  as  OUT  was  ooserveo,  of  which  over  80  percent  was 
associated  with  suspended  material  >lu.  UUTR  levels  measured  in  tne 
waters  of  the  TR  and  tributaries  were  generally  below  or  only  sliqhtly 
above  analytical  detection  limits.  This  fact,  coupled  with  the 
relatively  small  data  base  precludes  more  precise  estimate  of  DuTR  ir  tne 
water  column. 
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3.3  BIUTA 


3.3.1  Plankton 

The  inclusion  of  inorganic  particulates  in  both  the  phytoplankton  and 
zooplankton  samples  made  separation  of  these  components  impossible. 
Therefore,  the  amount  of  DUTk  in  suspended  solids  was  used  and  the  reader 
is  referred  to  Section  3.2  for  this  information. 


3.3.2  DUTR  in  Macroinvertebrates 


The  macroinvertebrate  UDTk  values  are  reported  based  on  a  unit  weight  of 
organism  (™g  UuTR/gm  organism).  The  total  weight  of  organisms  in  the 
sample  is  reported  also  but  no  indication  is  given  of  how  much  bottom 
area  was  sampled,  examination  of  the  field  notes  shows  that  grabs  at  a 
single  station  varied  from  1  to  9.  This  data  has  been  used  to  estimate 
the  amount  of  DuTk  in  the  benthic  community  in  the  HSB-IC  system  and  in 
Wheeler  Reservoir.  Because  of  the  wide  difference  in  DDTk  concentra¬ 
tions,  the  areas  have  been  divided  and  the  DuTk  in  macroinvertebrates 
estimated  separately  for  each  area.  The  total  DUTR  in  macroinvertebrates 
is  calculated  using  the  total  area  of  the  reach  in  question,  the  weight 
of  macroinvertebrates  in  a  sample,  and  the  average  DUTK  concentration  in 
the  reach. 


The  results  are  as  follows: 

Huntsville  Spring  branch 
Indian  Creek 

Tennessee  River  Mile  275-340 
TOTAL 


lbs.  UDTR 

1775 — 
1.3 
■  40 
14.3 


3.3.3  Vertebrates  (Except  Fish) 

Samples  were  collected  from  various  vertebrates  in  the  study  area.  These 
were  turtles,  snakes,  breen  Herons  and  Wood  Ducks.  A  separate  report  by 
the  Patuxent  Wildlife  Research  Center  (O'Shea,  1900)  documented  levels  in 
Mallard  ducks,  crows,  and  two  species  of  rabbits.  Other  small  mammals 
(shrews  and  muskrats)  were  also  assessed  for  the  DUTR  level.  There  are 
no  available  population  estimates  for  these  species,  so  only  relative 
amounts  can  be  calculated.  For  the  purpose  of  this  section,  the  amount 
of  OUTk  in  birds  and  mammals  will  be  estimated  with  the  following 
assumptions: 


1)  The  level  of  DDTR  employed  in  the  calculation  is  based  on  the 
maximum  mean  value; 

2)  The  biomass  for  birds  is  an  estimate  considered  to  be  a  con¬ 
servative  value;  and 

3)  The  overall  estimate  of  DUTR  in  the  vertebrate  population  is 
based  on  the  area  of  Wheeler  National  Wildlife  Refuge. 
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t-or  migratory  birds,  approximately  5U,uuO  ducks  ana  30,000  Canada  geese 
utilize  tne  Refuge  during  the  winter  period.  Utilizing  a  4  ppm  UliTR 
level  for  Mallard  ducks  <is  the  oase  residue  amount  (O'Shea,  19b0);  and  an 
average  weight  of  5  pounds  per  oird  then  waterfowl  populations  of  this 
size  would  contain  l.t>  pounds  of  DUTk.  If  tne  assumption  is  made  fiat 
all  other  bird  species  contain  the  4  ppm  Dl)Tk,  then  per 
100, OOu  individuals  (1  pound  average)  t Me  amount  would  be  0.4  pounds. 

The  amount  of  UUTK  in  birds  at  a  very  conservative  estimate  is  aoout 
2  pounds. 

In  mammals,  an  estimate  of  25  pounds  ot  biomass  per  acre  is  considered 
appropriate  (Marion,  1980).  The  Wheeler  Wildlife  Refuge  contains 
3/,b48  acres.  Analysis  by  TVa  shows  that  snrews  contained  the  highest 
level  (52  ppm)  in  the  Huntsville  Spring  branch  area.  Using  tnis  concen¬ 
tration  at  lU  percent  of  the  per  acre  biomass  and  90  percent  at  1  ppm, 
then  the  amount  of  UUTk  in  Wheeler  Refuge  incorporateo  in  the  mammal 
population  is  b  pounds.  This  amount  is  considered  a  hiyh  estimate  and  in 
actuality  the  level  is  probably  lower. 

3.3.4  DOTH  in  E ish 

because  of  the  many  variables  involved  it  is  not  possible  to  obtain  a 
precise  value  for  the  total  amount  of  UUTR  in  fish  in  Wheeler  Reservoir. 
Ihe  average  standing  crop  of  fish  has  been  estimated  from  5b  samples 
taken  from  1949  to  z.9 7 9  by  TVa  to  be  504  pounds  per  acre.  This  number 
has  ranged  over  the  years  ana  by  location  in  the  reservoir  from  118  to 
lldU  pounas  per  acre.  Also,  the  average  UUTk  value  for  all  fisn  species 
is  not  known  since  only  3  or  4  species  have  been  tested  to  any  extent. 
Nevertheless,  if  the  assumption  is  made  that  the  stanaing  crop  throughout 
wheeler  Reservoir  is  5u4  pounds  per  acre  ana  that  the  average  UUTR 
concentration  across  all  species  is  1  ppm,  trie  total  amount  of  UUTR  in 
fish  in  Wheeler  Reservoir  ^including  tributaries)  would  be  J4  Ids.  If 
the  average  OUTk  concentrat ion  was  assumed  to  be  10  ppm,  a  figure  that 
should  be  an  upper  limit,  the  total  amount  of  DOTH  in  fish  would  be 
340  pounds . 

3.4  OVERALL  OISTRIbUTION  OF  DUTK 

The  overall  distribution  of  UUTR  in  the  study  area  is  as  follows: 

Tons  Percent  of 


Substrate 

Location 

of  DUTk 

Total 

Sediments 

IC  and  HS8 

475 

99.4 

Sediments 

TRM  275-300 

1.4-1. 9 

0.29-0.40 

Sed iments 

Wilson  Res . 

0.4-0. 9 

0. 0b-0.19 

Sediments 

Other  Tk  Tribs. 

0.04-0.12 

0.008-0.025 

Water 

Wheeler  Res. 

<0.3-1 

<0.0b3-0.21 

f  ish 

Wheeler  Res. 

0.017-0.17 

0.004-0.036 

Macroinvertebrates 

wheeler  Res. 

0.007 

0.001 

Mammals 

Wneeler  Refuge 

O.OOJ 

0.001 

8irds 

Wheeler  Refuge 

o.oul 

0.001 

TuTAL 

477-479 

100 
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4.U 


ENVIRONMENTAL  TkAi'.SKUkT  uh  l)UTk 


4.1  KHYSHmL  TKAnSKUkT  uF  UuTK 
4.1.x  Introduction 

Fluvial  transpo  ;  appears  to  be  tne  major  process  dispersing  the  DDTk 
contamination  occurring  in  tne  sediments  of  HSb  ana  fC  through  the 
biospnere.  Ul/Tn.  is  currently  being  transportea  out  of  tne  lC-HSb 
drainage  basin  at  a  rate  ot  U.31  to  1.3  tons  per  year,  or  u.Lf/  to 
0.3  percent  per  year  of  the  total  quantity  contained  within  the  sediments 
of  the  IC-hSb  system. 

4.1.2  Methodology 

In  the  course  of  this  study  a  consiaeraDle  data  base  relating  to  the 
transport  ot  uuTk  within  and  out  of  the  IC-HSb  drainage  basin  has  been 
generated  by  TVm.  An  extensive  networx  of  hydrologic  and  water  quality 
monitoring  stations  was  establisnec  upstream  and  downstream  of  tne  area 
ot  highest  UuTk  contamination  and  an  intensive  fiela  sampling  program  was 
carried  out  tromMugust,  1979  tnrougn  April,  i ytiO.  The  locations  of  the 
ram  gauge,  stream  gauging  stations,  water  quality  sampling  stations  ana 
bedloaa  sampling  stations  used  in  trie  course  of  this  study  are  snown  in 
Figure  11-23. 

All  rain  gauge  and  stage  records  were  supplied  by  TVm  for  the  period  of 
record,  Strear.iflow  data  was  obtained  from  field  notes  also  supplied  by 
TVM.  Suspended  solids  data  for  size  fractions  passing  a  lu  (nom.)  glass 
fiber  and  retained  on  a  0.4bu  membrane  filter;  passing  a  b3u  sieve  ana 
retained  on  a  lu  (nom.)  glass  fiber  filter;  and  retained  on  a  63u  sieve, 
were  supplied  by  TVm.  Volatile  susper.aeo  soli  as  data  for  fractions 
passing  a  63u  sieve  and  retained  on  a  glass  fiber  filter;  and  retained  on 
a  b3u  sieve  were  also  supplied  oy  TVm.  UUT  residue  data  tor  tractions 
passing  a  lu  (nom.)  glass  fiber  filter  ( i .e. ,"oi ssol ved/suspended" )  and 
retained  on  a  lu  (nom.)  glass  fiber  filter  and  passing  a  63u  sieve  (i.e, 
"suspended";  were  also  supplied  by  TVA. 

A  screening  procedure  was  developed  to  determine  the  primary  factors 
atfecting  the  transport  of  OUTK  within  ana  out  of  the  IC-HSB  drainage 
system.  This  procedure  utilized  the  CORK  (Correlation  Matrix),  STtHWISE 
(Stepwise  Regression)  and  GLM  (General  Linear  Model)  procedures  of  SMS 
(Statistical  Analysis  System)  (SAS,  1979).  Tne  first  step  involved  the 
identification  of  those  factors  directly  or  indirectly  affecting  the 
fluvial  transport  of  UUTK.  Those  factors  identified,  and  quantified  to 
the  extent  possible,  included: 

sampling  location 

discharge 

mean  cross  sectional  velocity 

season 
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relative  position  in  the  runoff  hydrograph  (i.e., rising  or  falling) 
event  related  parameters,  including  the  sampled  event, 

the  type  of  event  (i.e,  headwater  flood  or  tailwater  flood),  ana 
event  anticedent  conditions  (stage,  streamflow  ana  rainfall 
related) 

suspended  solids  load,  and 
volatile  suspended  solids  load. 

Each  of  the  individual  metabolites,  DDT,  DDL)  and  DDE  as  well  as  the 
total  UUTR  load  were  treated  as  dependent  parameters.  A  separate  line  of 
model  development  was  followed  for  both  the  "suspended"  and 
''dissolved/suspended"  UuTk  components.  All  less  than  individual  isomer 
concentrations,  as  well  as  missing  values,  were  assumed  equal  to  zero, 
for  ease  of  metabolite  and  between  location  comparisons,  all  metabolites 
as  well  as  total  DUTK  were  converted  to  equivalent  weight  as  DDT.  nil 
JbTK  concentrations  were  converted  to  loading  rates  and  the  logrithmic 
transformation  employed  in  subsequent  analyses. 

The  sampling  location  was  heated  as  a  class  type  variable  so  that  the 
observations  from  each  of  the  sampling  locations  could  be  pooled  in  the 
model  building  process,  thus  reducing  somewhat  the  impact  of  site 
specific  sampling  protocal  errors. 

Discharge  data  was  obtained  directly  from  field  notes.  All  reverse  flows 
(i.e.,  streamflow  in  an  upstream  direction),  as  well  as  streamflow  data 
which  was  deemed  to  be  biased  low  because  a  significant  overbank  flow 
component  had  been  neglected,  were  treated  as  missing  values  in  the 
subsequent  analysis  of  the  data.  A  correction  was  applied  to  measured 
streamflow  data  utilizing  a  second  order  curvilinear  interpolation 
procedure  in  order  to  account  for  unsteady  streamflow  conditions  and  the 
time  lag  between  discharge  measurement  and  water  quality  sampling.  The 
logrithmic  transformation  of  the  corrected  discharge  was  employed  in 
subsequent  analyses. 

Mean  cross-sectional  velocity  at  the  sampled  crosu  section  at  the  time  of 
UUTk  water  quality  sampling  was  calculated  from  the  corrected  streamflow 
data  and  a  stage-cross  sectional  area  relationship  derived  for  each 
sampled  cross  section.  The  logrithmic  transformation  of  velocity  was 
employed  in  all  subsequent  analyses. 

Sampling  was  carried  out  during  both  summer  (May-Uct)  and  winter 
(Nov-Apri l )  seasons,  the  seasons  being  defined  on  the  basis  of  Wheeler 
Reservoir  operations.  However,  problems  encounter  during  the  summer 
sampling  program  precluded  the  utilization  of  this  date  in  subsequent 
analyses  or  the  determination  of  its  significance  as  a  factor  affecting 
UDTR  transport.  All  estimates  of  summer  season  DDTR  transport, 
therefore,  are  based  on  winter  season  sampling  results. 

based  on  the  evaluation  of  the  streamflow  data,  the  relative  hydrographic 
position  at  which  an  observation  was  made  was  classified  as  either 
rising,  falling  or  base  flow.  However,  no  base  flow  measurements  were 
obtained  during  this  study. 


II-12U 


REVISED  APRIL  1984 


btreamflcw  event  relatea  parameters  identified  in  this  study  included  tne 
event  sampled,  type  ot  event  and  event  anti  cedent  conditions.  The  event 
sampled  was  treated  as  a  class  type  variable  to  determine  if  a  siqnifi- 
cant  component  ot  the  error  could  be  accounted  for  simply  by  event-event 
sampling  protocol.  Kunoff  events  were  classified  as  either  headwater  or 
tai  ater  based  on  whether  or  not  a  significant  component  of  the  down¬ 
stream  flow  component  was  contributed  by  flow  originating  outside  of  the 
IC-hbb  drainage  basin.  The  criteria  employed  in  this  classification  was 
wiiether  or  not  the  stage  in  tne  Tk  at  Whitesburg  equalled  or  exceeded 
elevation  bb4  feet  MSL,  the  elevation  of  the  saddle  of  the  sill 
separating  the  HSb  drainage  basin  from  the  Unnamed  Creek  basin,  tvent 
anticedent  conditions  based  on  inter-event  baseflow  periods,  inter-event 
low  stage  periods  as  well  as  inter-event  rainfall  periods  were  examined. 

Suspended  solids  data  was  obtained  for  each  ot  three  separate  size 
classes;  material  retained  on  a  63u  sieve  representing  sands,  detritus, 
etc.,  material  retained  on  a  lu  (nom.)  glass  fiber  filter  and  passing  a 
bJu  sieve  representing  silts  and  medium  and  coarse  clays;  and  material 
retained  on  a  0.45u  membrane  filter  and  passing  a  lu  (nom.)  glass  fiber 
filter  representing  primarily  fine  clays.  Meaningful  partial  sums  as 
well  as  total  suspended  solids  were  determined.  All  less  than 
concentrations  were  taken  as  equal  to  half  the  stated  value.  All 
suspended  solid  concentrations  were  converted  to  loading  rates  and  the 
lugirithmic  transformation  employed  in  subsequent  analyses. 

Volatile  suspended  solids  data  was  ootaineo  for  each  of  two  separate  size 
classes:  material  retained  on  a  «3u  sieve  and  material  passing  a  63u 
sieve  and  retained  on  a  lu  (nom.)  glass  fiber  filter.  Volatile  suspended 
solids  was  treated  in  a  manner  analogous  to  suspended  solids  data. 

The  general,  ranked  correlation  coefficient  matrix  of  Pearson  Correlation 
coefficients  was  employed  to  determine  which  of  the  competing,  redundant 
predictive  parameters  were  most  closely  correlated  to  ULiTk  transport.  Of 
all  the  suspended  solios  and  volatile  suspended  solids  fractions 
suspended  (as  well  as  oissol ved/suspended )  UUTK  transport  was  most 
closely  correlated  to  the  corresponding  suspended  and  volatile  suspended 
solids  transport  (i.e.,  that  portion  >lu  and  <63u).  Thus,  only  the 
suspended  and  volatile  suspended  solid’s  fractions  in  tne  size  range  >iu 
ano  <b3u  were  employed  in  subsequent  regression  modelling.  Similarly, 
the  type  of  event  (i.  headwater  or  tail  water)  as  well  as 
rainfal 1 -related  anti^t.  !nt  event  parameters  were  the  only  event  related 
parameters  utilized. 

The  STEPWISE  procedure  ot  SAS  was  employed  to  determine  the  most 
significant  main  effect  and  interaction  terms  to  be  employed  in  the 
subsequent  regression  models.  Finally,  the  GLH  procedure  was  utilized  to 
develop  the  final  somewhat  simplified  empirical  model  used  in  subsequent 
delta  analysis. 

Suspended  and  volatile  suspended  solids  loading-streamf low  relationships 
were  developed  utilizing  multiple  regression  techniques  ano  the  ULM 
procedure  of  SaS.  Separate  regression  models  were  developed  for  each 
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size  fraction  as  well  as  for  meaningful  partial  and  total  sums,  sampling 
location  was  treated  as  a  class  type  variable  in  a  manner  analogous  to 
that  employed  in  modeling  UUTk  transport. 

An  attempt  was  maae  to  measure  beoload  UJTk  ano  solids  transport  at 
selected  locations  in  IC  and  Hub.  However,  as  tnis  component  of  both  tnc 
total  UUTk  load  as  well  as  tne  total  suspended  solids  load  was  determined 
to  be  negligible,  bedload  sampling  was  discontinued  during  the  winter 
season  sampling  period. 

4.1.3  Discussion 

a  summary  of  the  seasonal  streamtlow  duration  relationships  developed  oy 
TVm  are  shown  in  Table  11-38  and  illustrated  in  Figures  1 1 -24  through 
11-28.  These  relationships  were  developed  neglecting  reverse  flows. 
Seasonal  stage  ouration  re lationsh ips  at  Whitesburg,  TkW  333. a  for  tne 
period  of  record  1/195U  through  12/19/9  are  illustrated  in  Figure  ll-2y. 
h  summary  of  "suspenoeo"  DUTk  loading  rate  regression  models  for  the  L)UT , 
DDL)  and  but  metabolites  as  well  as  Total  UUTk  loading  rates  is  shown  in 
Tuole  11-38.  The  corresponding  regression  models  for  the 
"d issol ved/suspendeo"  UUTk  loading  rates  are  summarized  in  Table  Il-4u. 
Tne  regression  models  for  the  suspended  solids  ana  volatile  suspenoeo 
solids  loading  rates  are  summarized  in  Table  1 1 -4 jl . 

Predicted  seasonal  and  annual  suspenoeo  ann  volatile  suspended  solids 
loads  at  each  of  tne  sampling  locations  are  summarized  in  Tables  11-42 
and  11-43,  in  seasonal  ana  relative  terms,  respectively.  Also  incluaeo 
in  these  summary  tables  are  the  9b  percent  confidence  limits  about  the 
predicteo  mean  values,  baseo  on  these  figures  total  suspenoeo  sediment 
yield  from  the  HSb  drainage  basin  is  not  significantly  different  from 
that  of  the  IC  drainage  oasin,  i.e.,  29-84  and  3y-7Q  tons/sq.rni/yr , 
respectively.  Suspenoeo  sediment  yield  from  the  IC/HSb  drainage  basin 
during  winter  (November -Apr i 1 )  is  over  four  times  greater  than  during  the 
summer  (May-Uctober ) .  uilts  and  medium  ana  coarse  clays  comprise  over 
92  percent  of  the  total  annual  seoiment  luaa  at  the  moutn  of  1C,  fine 
clays  comprise  approx imately  b  percent  and  sands  the  remaining  2  percent. 
The  silt  ana  medium  ano  coarse  clay  component  of  the  annual  sediment  loao 
at  Patton  koau  on  HS8  upstream  of  the  highest  UUTk  contamination  is  about 
88  percent,  fine  clays  comprising  less  than  2  percent  ana  sands  over 
10  percent  of  the  total.  In  general,  fine  clay  component  of  tne  total 
suspended  sediment  load,  althougn  relatively  minor,  increases  in  the 
downstream  direction  whereas  the  coarser  component  of  the  suspended 
sediment  load  decreases. 

As  indicated  in  Table  11-39  the  suspenoed  DDT*  transport  rate  in  tne 
IL-Hbb  system  is  predicteo  reasonably  well,  r=0.90,  by  considering 
sampling  location,  discharge,  the  type  of  runoff  event  (i.e.,  headwater 
or  tailwatcr)  and  the  transport  rate  of  the  corresponding  suspended 
solids  size  fraction  (i.e.,  <o3u  ana>lu).  Predicteo  seasonal  and  annual 
suspended  DUTk  transport  rates  through  and  out  of  the  IC-hbb  drdinaye 
system  are  summarized  in  Table  11-44,  and  illustrateo  in  Figures  II-3U 
through  11-32.  These  predictions  are  based  upon  the  er.p'  caily  ueriveo 
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Table  11-38.  Suninary  of  Flow  Duration  Computations 
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UUTk  transport  model,  mean  seasonal  discharge  as  determined  from  the 
seasonal  flow  duration  relationships,  predicted  seasonal  suspended  solids 
transport  rates  as  well  as  seasonal  estimates  of  the  rrequency  with  which 
headwater  and  tailwater  events  occur  in  the  sampled  reaches  of  tne  1C-H5B 
drainage  basin.  Also  included  in  the  suspended  UDTR  load  summary  tables 
are  approximate  9b  percent  confidence  limits  about  the  predicted  mean 
loadings.  These  intervals  were  developed  by  takiny  into  account  the 
uncertainty  in  the  estimates  of  seasonal  suspended  solids  transport  as 
well  as  in  the  UUTK  transport  model. 

Tne  transport  rate  of  the  di ssol ved/suspendeo  component  of  the  DDTk  load 
in  the  IL'-riSB  system  is  modeled  by  a  somewhat  simpler  relationship  tnan 
is  tne  suspendeo  ObTk  component  (see  Tables  11-39  and  40).  Sampling 
location,  discharge  and  the  volatile  suspendeo  solids  loading  rate  (<.bJu 
ano>lu)  predict  the  oissolveo/suspendeu  UUTk  transport  rate  reasonably 
well,  r=U.93.  Predicted  seasonal  dissolved/ suspended  uuTk  transport  as 
well  as  approximate  9b  percent  confidence  limits  are  also  summarized  in 
Table  ll-44  and  illustrated  in  figures  11-3U  through  11-3/;. 

4.1.4  Conclusions 

based  on  the  figures  shown  in  Table  11-44,  UUTk  is  currently  being 
transporteo  out  of  tne  IC-HS8  drainage  basin  by  means  of  fluvial 
transport  processes  at  an  average  annual  rate  of  U.o4  (U. 31-1. 3)  tons  per 
year  as  UUT.  In  other  words,  less  than  0.13  (U.U7-U.27)  percent  per  year 
of  the  total  quantity  of  UuTk  contained  within  trie  sediment  of  the  IC-HSb 
systems  are  being  transported  through  ana  from  the  system  by  means  ot 
fluvial  transport  processes.  Over  two  thirds  of  this  load,  or  0.43 
(U.23-U. BO)  tons  is  transported  during  the  winter  season  (i.e.,  November 
through  April)  with  the  remaining  0.21  ( 0.09-0. bO )  tons  being  transporteo 
during  the  summer  months.  The  UOTK  load  to  the  Tennessee  kiver  is 
approximately  equally  divided  between  suspended  and  dissolved/suspendeo 
tractions,  i.e.  47  and  53  percent,  respectively.  As  a  result  of  low 
velocities  and  the  tine  grained  material  comprising  tne  channel  bed  in 
the  lower  reaches  of  HSB  and  IC  as  well  as  tne  association  of  UuTk  with 
clay  mineral s,  the  bedload  component  of  the  UUTk  load  out  of  the  IC-Hbb 
drainage  system  is  negligible. 

An  examination  of  the  predicted  UUTK  transport  loadings  indicates  that 
the  net  source  of  the  UUTk  being  transported  through  the  Io-Hbb  system  is 
the  stretch  of  Hbb  upstream  of  Uodd  and  downstream  of  Patton  Roads.  DDTk 
is  being  transported  downstream  of  this  location  at  an  average  annual 
rate  of  0.62  (0.25-l.b)  tons  per  year  as  UUT.  Approximately  three 
quarters  ot  this  load,  or  0.47  (0.20-1.1)  tons,  is  transported  ouring  the 
winter  months,  a  slightly  higher  percentage  than  that  transported  during 
a  comparable  period  out  of  I C .  Nearly  ob  percent  of  the  annual  UUTk  loai 
transported  past  Dodo  Road  in  Hbb  is  associated  with  suspended  material 
<b3u  arid>lu,  as  compared  to  47  percent  at  tne  mouth  of  1C. 

Less  than  2  percent  of  the  UUTk  transported  out  of  the  I  -Hbb  drainage 
system  derives  from  sources  in  the  hbb  basin  upstream  ot  Patton  koad  auo 
the  area  of  heaviest  DUTK  contamination.  Although  data  corresponding  to 
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that  availaDle  in  hSb  does  not  exist  for  IC,  the  relative  contribution  to 
the  annual  UDTk  load  exported  to  the  Tennessee  River  from  sources  in  the 
IC  drainage  basin  upstream  of  tne  confluence  with  HSb  is  certainly  less 
than  60  percent  and  more  likely  on  the  order  of  about  3  percent. 

Examination  of  the  estimated  confidence  limits  about  the  predicted  mean 
seasonal  and  annual  fluvial  DDTk  '.ransport  rates  indicates  tnat  the 
suspended  DDTK  loading  rates  downstream  of  Lioad  Road  could  vary  as  much 
as  an  order  of  magnitude.  Dissolved  UDTk  loadings  can  be  predicted  with 
somewhat  greater  confidence,  and  may  vary  over  a  range  of  about  1:5.  h 
greater  degree  of  relative  uncertainty  exists  in  predicting  UUTR  loads  at 
Hatton  koad,  HSBt'i  5.9  upstream  of  the  area  of  heaviest  DbTR 
contamination.  Adding  to  the  uncertainty  in  estimating  seasonal  and 
annual  Dl>TR  transport  rates  from  and  tnrough  the  1C-HSB  system  is  due  to 
the  fact  that  these  estimates  result  from  extrapolations  of  the 
empirically  derived  models. 

Examination  of  Figures  11-44  in  which  the  seasonal,  suspended, 
aissolved/suspended  and  total  ODTk  loading  rates  are  graphically 
displayed  along  with  attendant  9b  percent  confidence  intervals  indicates 
that,  although  there  is  a  significant  increase  in  UDTk  transport  between 
Patton  and  Dodo  Roads  in  HSB,  little  can  be  stated  with  any  degree  of 
confidence  concerning  ULiTR  deposition  or  resuspension  rates  downstream  of 
Dodd  Road.  Nevertheless,  during  the  winter  months  there  is  an  apparent 
decrease  in  the  suspended  UDTk  load  of  0.12  tons  per  year  and  an  increase 
of  0.0b  tons  per  year  of  tne  DDTk  load  which  is  dissolved  or  associated 
with  fine  clays  or  colloidal  material  or  a  net  deposition  rate  of 
0.7  tons  per  year  in  HSB  downstream  of  Oodd  Koad  and  IC  upstream  of 
Mile  0.9.  During  the  summer  months  there  is  an  apparent  net  increase  in 
the  DDTR  transport  rates  of  about  0.09  tons  per  year  downstream  of  Dodd 
koad.  Uri  an  annual  basis,  approximately  0.04  tons  per  year  of  suspenoeo 
bUTR  is  being  deposited  in  IC-HSB  downstream  of  Dodo  Road  and  an  increase 
of  0.06  tons  per  year  of  the  UDTk  load  associated  with  fine  clays, 
colloidal  material  or  dissolved.  Thus,  on  an  annual  basis  the  transport 
of  DDTk  through  the  IC-HSB  system  downstream  of  the  most  heavily 
contaminated  stretch  of  HSB  appear  to  be  of  steady  state. 

As  indicated  in  Table  II-45,  DDD  is  the  primary  metabolite  component  of 
both  the  suspended  and  the  dissolved/suspended  DDTK  loads  being 
transported  past  all  sampling  locations.  Nearly  three  quarters, 

74  percent,  of  the  total  annual  DDTk  load  exported  out  of  the  IC-HSB 
system  is  DDD.  The  metabolite  uDt  and  DDT  are  transported  in  roughly 
equal  percentages,  i.e.,  14  percent  DDE  and  12  percent  DDT,  out  of 
IC-HSb.  The  metabolite  distributions  of  the  suspended  and 
dissolved/suspended  OuTR  loads  are  somewhat  different.  The  relative  DDE 
and  DDT  components  of  the  suspended  DDTK  fraction  are  6.5  and  1.3  times 
that  of  the  corresponding  dissolved/suspended  DDTK  fractions, 
respectively.  The  metabolite  composition  of  the  suspended  DDTk  load 
compares  reasonably  well  to  the  average  DDTK  composition  of  the  surface 
U-6"  sediments  in  IC  downstream  of  the  confluence  with  HSB,  i.e. 

30  percent  DDT,  41  percent  DDD  and  27  percent  DDE.  The  greatest 
deficiency  occurs  in  the  DDT  component.  The  dissolved/suspendea  DDTR 
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Table  11-45.  Summary  of  the  Relative  Contributions  of  the  Three  Primary  DDTR  Metabolites,  DDT,  DDD  and 
DDE,  to  the  Predicted  Winter  (November-Apri 1 ) ,  Summer  (May-October)  and  Annual  Total  DDTR 
Loadings  at  Four  Locations  in  Indian  Creek  and  Huntsville  Spring  Branch 
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load  appears  to  oe  deficient  in  both  the  DuT  ana  but  components,  relative 
to  the  surface  sediments  in  IC.  The  metaDolite  distribution  of  the  OOTR 
load  does  not  appear  to  vary  significantly  in  the  lC-Kbu  downstream  of 
the  most  heavily  contaminated  stretch  of  hpB. 

4.2!  L'lulO&ICAl  TkmNSFUKT  uF  UOTk 

4.2.1  Plankton 

The  transport  of  UuT  in  an  aquatic  system  will  occur  principally  through 
sorption  to  particulates.  These  may  be  inorganic  in  nature  sucn  as  clays 
or  bioparticulates  of  various  size  classes,  an  objective  or  the  study 
was  to  determine  the  magnitude  of  DUTK  transport  by  plankton,  lorisioer- 
ing  the  waters  of  Indian  Creek  ana  Huntsville  Spring  branch  as  a  point 
source  of  OoTk  to  the  main  body  of  Wheeler  Reservoir,  a  series  of 
sampling  stations  were  set  up  to  determine  transport  by  the  plankton 
component.  Stations  ranged  along  huntsville  Spring  brancn  from  Mile  U  to 
d.9,  and  in  Indian  Creek  from  Mile  0  to  4.8.  Stations  in  the  Reservoir 
were  located  aDove  and  below  the  confluence  of  Indian  Creek. 

As  part  b.l  of  this  appendix  shows,  results  are  masked  by  tne  inability 
to  separate  plankton  from  inorganic  particulates  in  tne  sample.  Tnese 
inorganic  suspended  solids  account  tor  some  of  tne  bbTR  in  tne  sample. 

The  total  suspended  solid  fraction  was  employed  as  a  means  of  determining 
movement  of  pesticide  by  this  mechanism.  TVA  data  snow  that  tne  DDTx 
ascribed  to  phytoplankton  began  to  rise  at  HSbf'i  b.37.  This  location  is 
immediately  downstream  from  tne  former  waste  ditch  and  represents  a 
heavily  contaminated  site.  A  pea*  was  observed  at  rlSBM  2.4  ana  then 
levels  declined.  Based  on  arithmetic  means  the  maximum  amount  was 
1U.5  ug/gm.  At  HSBM  (J-0  the  concentration  had  dropped  to  about  naif  this 
level.  At  I  CM  0.0,  the  entry  of  the  creek  waters  to  wheeler  Reservoir, 
the  concentration  was  2.4  ug/gm  and  0.21  uy/gm  iri  two  discrete  September 
samples . 

Witnin  the  Reservoir  the  concentration  was  0.2  ug/gm  on  an  average  at 
stations  above  ana  below  Inaian  Creek  confluence. 

Zooplankton  collections  exhibit  a  similar  distribution  pattern  to 
phytoplankton.  Beginning  at  HSBfi  S.9  increasing  levels  of  uuTk  were 
observed  downstream.  A  maximum  of  1,06b  ug/gm  occurred  at  HSBM  2.4  with 
a  gradual  decline  to  332  at  HSBM  (J.U.  The  concentrations  are  based  on 
arithmetic  means  of  all  samples  collected  from  September  through  Decem¬ 
ber,  1979.  Indian  creek  shows  a  distribution  similar  to  that  of  HSB.  At 
mile  point  4.6  an  ave> age  of  338.7  ug/gm  was  noted  with  a  reduction  to 

48.1  uy/gm  at  ICN  0.0.  In  the  Tennessee  Rive.1"  levels  varied  from 

0.17  uy/gm  to  4.b  ug/gm  witn  the  maximum  at  tne  upper  ard  lower  extremes 

of  wheeler  Reservoir.  As  with  phytoplanxton,  the  variation  in  uuTk  with 

tne  two  creeks  could  be  a  function  of  clays  or  other  inorganic  particu¬ 
lates  retained  in  the  net  and  may  not  he  a  reflection  of  tne  amount  of 
residue  in  zooplankton.  Calculation  of  the  amount  transported  by 
suspended  solids  has  been  included  in  Section  4.1.1. 
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Table  11-50.  UUTk  Residues  in  Selected  biota  within  the  Study  Area 
(Continued,  page  2) 


Collection  Sample  Type  Average  Total 
Location  Date  (Species)  (DDTK  ( ug/g > 


Tennessee  River  328.50 

Hibiscus 

0.007 

Tennessee  River  359.00 

- n - 

0.004 

Huntsville  Spring  Branch 

4.50 

10/18/79 

Lemna-Spirodel a 

5.60 

Huntsville  Spring  Branch 

5.60 

Duckweed 

0.071 

barren  l-ork  Creek  1.20 

9/24/79 

Zooplankton 

52.0 

Huntsville  Spring  Branch 

0.00 

9/25/79 

II 

332.0 

Huntsville  Spring  Branch 

1.30 

II 

577.0 

Huntsville  Spring  Branch 

2.40 

9/24/79 

II 

935.0 

Huntsville  Spring  Branch 

2.40 

12/15/79 

II 

l,0b5.0 

Huntsville  Spring  Branch 

5.37 

9/25/79 

II 

175.0 

Huntsville  Spring  Branch 

5.90 

9/25/79 

II 

9.6b 

Huntsville  Spring  Branch 

5.90 

12/15/79 

II 

1.70 

Indian  Creek  0.00 

9/5/79 

II 

48.1 

Indian  Creek  0.80 

12/15/79 

II 

3.03 

Indian  Creek  4.00 

9/5/79 

II 

190.0 

Indian  Creek  4.00 

9/25/79 

II 

168.0 

Indian  Creek  4.60 

12/15/79 

H 

339.0 

Tennessee  River  289.90 

9/28/79 

II 

4.b4l 

Tennessee  River  315.00 

9/25/79 

II 

0.5b7 

Tennessee  River  345.00 

9/27/79 

li 

0.173 

Tennessee  River  350.00 

9/27/79 

H 

4.611 

barren  Fork  Creek  1.20 

9/24/79 

Phytoplankton 

0.567 

Huntsville  Spring  Branch 

0.00 

9/25/79 

II 

5.68 

Huntsville  Spring  Branch 

1.30 

9/24/79 

II 

7.07 

Huntsville  Spring  Branch 

2.40 

9/24/79 

II 

10.5 

huntsville  Spring  Branch 

5.30 

9/25/79 

l< 

3.2b 

Huntsville  Spring  Branch 

5.90 

9/25/79 

II 

0.250 

Indian  Creek  0.00 

9/5/79 

II 

2.44 

Indian  Creek  0.00 

9/24/79 

II 

0.207 

Indian  Creek  4.00 

9/5/79 

II 

4.15 

Indian  Creek  4.00 

9/24/79 

ll 

3.311 

Tennessee  River  289.9 

9/28/79 

II 

0.200 

Tennessee  River  315.0 

9/27/79 

II 

0.200 

Tennessee  River  345.20 

9/27/79 

II 

0.200 

Tennessee  River  350.00 

9/27/79 

II 

0.200 
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Table  11-48.  Comparison  of  UuTk  Concentrations  in  channel  catfisn 
Fillets  ii.  1979 


Location 

April 

May 

July-Uct . 

TRM-270 

... 

2.b 

1.3 

TRM-278 

— 

9.3 

1.8 

TKM-28U 

— 

10. 

0.7 

TRM-28S 

— 

b.  7 

— 

TkM-290 

— 

9. 

2.0 

TkM-295 

— 

3.b 

1.9 

TkM-300 

— 

16. 

12. b 

TkM-305 

6b. 

12.8 

TkM-310 

31. 

1.2 

THM-315 

13j 

16. 

9.1 

TkM-320 

70.. 

9.b 

TkM-32b 

28. 1 

U.3 

TkM-330 

39U 

71  •  9 

0.3b 

TkM-33b 

4.6^ 

0.3b 

Tkh-340 

— 

I7.* 

1.2 

TkM-34b 

— 

lM 

1.2 

TkM-350 

— 

2.9J 

-  -  - 

TWO- 3b  b 

•  ”  • 

1.7 

-  “  “ 

Concentrations  in  ug/9 


TkN  270  in  Wilson  Reservoir 

TRh  3bO-35b  in  Guntersvi 1  le  Reservoir 

All  other  sites  in  Wheeler  Reservoir 

Unless  otherwise  notea  all  samples  are  six  fish  composites. 

}  Five  fish  composite 
,  Four  fish  composite 
6  Three  fish  composite 

Source:  April  and  May  data  are  from  Tennessee  Valley  Authority  (TVA, 
1979b).  July  -  Sept,  data  were  collected  as  part  of  the 
current  study  (see  Appendix  V). 
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Table  11-52. 


Summary  of  DDTR  Results  of  June- July  1980  Fish  Survey 


Location 

Species 

Composite 

Sample 

Ind ividual 
Average 

(  is!)  Samples 

Range 

TRM  275 

CC 

9.3 

11 

4.5-25 

TRM  280 

CC 

8.5 

8.0 

5.5-13 

TRM  285 

CC 

15 

9.5 

2.8-19 

TRM  290 

CC 

15 

13 

3.5-22 

TRM  295 

CC 

15 

14 

4.7-31 

TRM  300 

CC 

9.0 

11 

3.0-18 

TRM  305 

CC 

10 

14 

9.7-22 

TRM  310 

CC 

9.2 

9.2 

3.8-17 

TRM  315 

CC 

5.4 

7.6 

3.3-P 

TRM  320 

CC 

120 

120 

13-360 

TRM  325 

CC 

100 

190 

0.74-1100 

TRM  330 

CC 

34 

32 

2-140 

TRM  340 

CC 

25 

33 

1.5-180 

FCM  5 

CC 

50 

45 

10-150 

LCM  3 

CC 

14 

13 

2-28 

SCM  1 

CC 

5.8 

5.0 

2.6-9. 1 

TRM  280 

SMB 

6.4 

3.9 

2. 3-6. 8 

TRM  290 

SMB 

12 

10 

3.4-21 

TRM  300 

SMB 

6.3 

5.0 

1.3-10 

TRM  310 

SMB 

4.3 

4.0 

1.4-6. 1 

TRM  320 

SMB 

25 

24 

0.43-48 

TRM  330&340 

SMB 

0.89 

0.95 

0.25-2.5 

TRM  285 

LMB 

0.38 

0.36 

0.11-0.80 

TRM  345 

1MB 

2.1 

2.4 

0.35-7.4 

Concentrations  in  ug/g 

CC=Channel  Catfish,  SM8=Smal lmouth  Buffalo,  LMB=Largemouth  Bass. 

Six  individual  fish  were  taken  at  each  sampling  location.  All  analyses 
were  in  fillet  samples. 
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data  on  smal lmoutn  buffalo  indicate  tnat  tnis  species  is  contaminated 
particularly  at  and  downstream  of  IC.  Data  on  largemouth  bass  showed 
lesser  overall  contamination  levels  out  some  individual  fish  . taa 
relatively  mgh  L'uTR  levels. 

5.3,2  Method  of  Contamination 

Clarification  regarding  both  the  source  ana  mechanism  of  UUTR  contamina¬ 
tion  of  fish  in  the  Tk  is  important  in  assessing  any  proposed  clean-up 
plans.  Several  possibilities  exist:  1)  OUTR  in  tne  Tk  could  be  coming 
from  the  IC-HSB  system  ana  possibly  other  sources,  2)  Msn  in  the  Tk 
could  be  oecoming  contaminated  due  to  low  level  concentrations  of  DDTR  in 
t lie  water  and/or  sediments  of  the  Tk,  3)  fish  in  the  Tk  could  be  becoming 
contaminated  due  to  migration  in  and  out  of  tne  IC-HbB  system. 

Sediment  analyses  clearly  show  the  IC-Hbb  system  as  being  a  major  source 
of  UOTk.  further,  it  has  been  shown  tnat  at  least  some  DDTR  is  being 
transported  out  of  the  iC-HSB  system  to  tne  Tk.  Sediment  ana  water 
analyses  for  the  Tk  and  tributaries  indicate  no  other  significant  source 
of  UuTk.  The  only  indication  of  another  source  of  significant  buTR 
contamination  is  the  elevated  UUTK  levels  in  fish  sampled  in 
July-August  198U  from  flint  creek  Mile  5.  no  explanation  for  this  is 
known.  Thus,  the  best  evidence  seems  to  be  that  the  HSB-IC  system  is  a 
major  source  of  contamination  ana  possibly  the  only  significant  source. 

Tlie  mechanism  of  contamination  of  fish  in  tne  Tk  is  important  not  only 
in  understanding  the  present  situation  but  also  in  predicting  the 
effectiveness  of  any  clean-up  procedure.  Of  particular  importance  is 
whether  contamination  is  occurring  by  migration  of  fish  from  IC  and  H3B 
or  in  situ  due  to  exposure  to  very  low  levels  of  UDTK  in  sediments  ana/or 
water.  An  examination  of  the  pattern  of  contamination  for  individual 
fish  in  the  June-July  1980  survey  gives  some  indication  of  the  mechanisms 
involved.  Below  IC  from  TkM  315  to  375  {9  samples)  the  average  UUTK  in 
individual  channel  catfish  was  10. 8  ppm  with  a  range  of  3.8  to  3i.  uf 
the  54  individual  fish  from  this  area,  44,  or  81  percent,  had  UUTk  levels 
greater  than  5  ppni.  At  TkM  320  (1  mile  from  the  mouth  of  IC)  all  fish 
haa  OOTk  levels  above  13  ppm.  Above  Inoian  Creek  ^TkM  325-340) 

50  percent  of  the  individuals  had  OOTk  levels  greater  than  5  ppm.  Thus, 
a  more  consistent  pattern  of  contamination  was  touna  below  IC  in  tne  Tk. 
Above  IC  the  variation  in  OUTR  values  between  individual  fish  was  much 
greater  than  below  IC.  The  isolated  occurrences  of  very  nigh  values 
(>100  ppm)  suggests  an  upstream  migration  from  the  IC-hiB  area. 

Further  evidence  of  possible  mechanisms  involved  can  be  obtained  by 
examining  the  low  values  at  each  location.  Below  IC  from  TkM  315  to  27b 
the  average  of  the  lowest  value  found  at  eacn  location  is  4.5  ppm  UUTk 
whereas  above  IC  the  lowest  values  average  1.4  ppm  UuTk.  l'liis  suggests 
that  there  is  sufficient  uUTk  in  t'  e  Tk  downstream  of  IC  to  produce  a 
base  level  of  contamination  in  chai  nel  catfish  very  near  the  FUa  limit. 
Upstream,  base  levels  are  much  lower  anu  contamination  by  migration  is 
indicated . 
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TVA  has  conducted  fish  tagging  ana  movement  studies  in  wheeler  Reservoir 
(TVa,  197fc'g).  bufticient  recoveries  were  made  for  six  species  to  relate 
aistance  from  release  point  as  a  function  ot  time  since  release,  m 
summary  of  the  data  is  as  follows: 


bi stance 

from  Release  Point 

after  50  Days  (mi les) 

bpecies 

20%  of  Fish 

5%  or  Fish  > 

Channel  cattish 

7.b 

13.9 

blue  catfish 

4.7 

12.7 

Flathead  cattish 

5.8 

8.4 

white  crappie 

8 . 8 

21.2 

White  bass 

22.7 

38.3 

For  all  specks  except  tlathead  catfish,  5  percent  of  the  population 
would  he  expected  to  be  more  than  1 2.7  miles  from  the  release  point  after 
50  days.  Tne  white  crappie  and  white  bass  moved  longer  distances  than 
the  catfish. 

Thus  while  there  is  some  evidence  to  support  the  hypothesis  that 
migration  is  contrinut ing  to  contamination  upstream  or  1C,  evidence  also 
exists  that,  downstream  of  IC,  OL/Tk  in  tne  Tennessee  River  is 
contributing  to  fish  contamination,  hix  sediment  samples  from  Wheeler 
Reservoir  (TkM  275-300)  and  three  samples  fr  Wilson  Keservoi 
( TkiM  200-270)  all  contained  low  but  detectable  amounts  o*  bul*.  Trie 
highest  uoTF  concentration  detected  was  only  21  percent  above  analytica1 
detection  limits,  bedimeot  samples  upstm  :m  ut  Indian  reek  1TH:  32b, 
jbU,  and  3/b)  nad  no  detectable  ouTr  .  It,  suggests  t>  *t  tne  'ource  or 
the  UbTw  is  IC.  However,  oata  on  i  Tal  but-  ir  n  iter  d  not  ir.pl  icate  i 
as  tne  sole  source  ut  DbTk.  In  jjly-*uyust  1 v/9  r i ve  so  pies  t  near 
bottoni  waters  from  TKM  c! U  to  3bU  snowed  no  uT^  'Owever,  in 
becewber  ly/y,  a  second  sampling  shewed  let  T  le  ait  .ft  .t  iota'  Ou  < 
in  near  bottom  waters  lU.Ub  to  1.9  uy/ 1  )  in  7  t  1  samples  witn  <*  of  fnt 
positive  samples  coming  from  above  IC. 

The  higher  base  levels  or  UuTH  in  channel  atlis)  below  1C  ’ndicate  some 
in  situ  contaminat ion  in  that  area,  borne  laboratory  work  has  been  done 
in  an  attempt  to  understand  the  uptake  mechanisms  involved.  Macek  and 
Korn  (197U)  studied  tlUTk  uptake  from  food  and  water  by  fingerling  brook 
trout  ano  concluded  that  food  ms  the  most  significant  UDTR  uptake  route. 
However,  wurphy  (1971)  using  tn*  mosquito  fish,  bambusia,  reported  that 
direct  uptake  of  UDT  from  water  is  of  considerable  importance  especially 
tor  small  fish.  In  a  later  study  on  fathead  minnows  Jarvinen  et  al . , 
1970,  concluded  that  the  L)UT  bioconcentrat  ior.  factor  from  water  v  as 
1U'J,(JUU  whereas  it  was  only  1.2  from  fooo.  If  tne  100,01)0  bioconcentra- 
tion  factor  is  valid  for  fish  in  the  IK,  a  water  concentr^t ion  of 
U.Q5  ug/1  would  be  sufficient  to  produce  a  5  ppm  level  in  fish.  A 
U.ub  uy/1  level  in  water  is  very  low,  helow  tne  analytical  detection 
limit  utilized  in  the  current  survey. 
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btuoies  in  Oklahoma  snowed  that  catfish  less  than  300  mm.  long  fea 
primarily  on  invertebrates  while  larger  sizes  were  piscivorous  (Jearla 
and  Or  own,  1971).  Nalourg  (1975)  noted  that  catfish  lb-19  mm.  long  red 
primarily  on  microcrustacea  and  larger  fish  ate  both  microcrustacea  and 
aquatic  insects.  Fish  larger  than  35  mm.  fed  primarily  on  insects.  The 
preferred  species  were  chironomids  and  immature  mayflies,  both  these 
forms  inhabit  sediments. 

At  present  there  is  insufticient  information  available  to  fully  explain 
either  why  cnannel  catfish  seem  to  be  more  contaminated  than  other 
species  tested  or  precisely  how  the  contamination  occurs. 

5.4  blKDS 

Analyses  were  conuucted  to  ascertain  the  level  of  DuTk  in  selected  birds 
inhabiting  tne  study  area.  Those  species  were  Green  Herons  and  'wooo 
Ducks  which  are  local  residents  and  therefore  reflect,  at  least  in  a 
relative  sense,  acute  exposure  to  tne  pesticide. 

table  I I-4b  is  a  summary  of  data  showing  the  amount  of  residue  expressed 
as  means  in  vertebrates  (excluding  fish)  collected  in  the  study  area. 

Mean  UDTK  values  for  individuals  inhabiting  the  Huntsville  Spring 
Braricii-indian  Creek  environment  were  hiyher  than  for  inoividuals  from 
other  areas.  Green  Herons  from  Huntsville  Spring  Branch  ano  TkH  330  had 
4.3  and  2.5  ppm  which  was  almost  an  order  of  magnitude  hiyher  tnan  levels 
in  herons  from  the  remainder  of  the  study  area.  (UDTK  concentrations  for 
Green  Herons  are  believed  to  oe  biased  low-~see  Duality  Assurance  Section 
of  this  report).  Wood  Ducks  snowed  a  similar  pattern.  Two  collections 
of  wood  Duck  eggs  on  Wheeler  Wildlife  kefuge  contained  an  average  of  0.2 
and  2  ppm  of  DDTR. 

The  Patuxent  Wildlife  Research  Center,  a  part  of  the  Fish  and  Wildlife 
Service,  has  been  concerned  about  DDT  contamination  of  migratory  water- 
fowl  utilizing  the  Wheeler  Refuge.  They  indicate  that  waterfowl  winter¬ 
ing  at  the  kefuge  migrate  from  as  far  north  as  Ontario  and  impaired 
reproduction  caused  by  DDTR  is  likely  (O’Shea,  et_  aj_. ,  1980). 

Personnel  from  the  Patuxent  kesearch  Center  have  made  recent  collections 
of  biota  in  the  study  area.  Mallard  ducks  had  geometric  tne an  and  maximum 
DDTR  values  of  4.0  and  480  ppm  tor  carcass  samples;  0.67  and  150  ppm  for 
muscle  samples.  Data  from  tne  National  Pesticide  Monitoring  Program  on 
duck  wings  shows  high  residue  levels  in  samples  from  Alabama.  Fleming 
(I960)  reports  on  OUTR  in  mallard  wings  collected  during  the  1978-1979 
season.  Wing  pools  from  Limestone  and  Madison  counties  which  include 
Wheeler  Reservoir  had  residues  that  averaged  .10.8  and  18  times  higher 
respectively  than  the  combined  average  of  all  other  (Alabama)  counties 
surveyed.  These  results  are  presented  in  Taole  11-52. 

Crows  were  also  included  in  these  recent  Fish  and  Wildlife  bervice 
samples  and  contained  geometric  mean  and  maximum  Du’TK  concentrations  of 
4.0  and  48  ppm  respectively  in  muscle  tissue.  O’bhea  et  al.  (Iy80) 
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Table  11-63. 

bulk  in  mallard 
Season1 

Wings  from 

Alabama  1978- 

■79  Hunting 

bblk 

Concentration, 

,  ppm  wet  weignt 

Immature 

Immature 

Aoult 

MCUl  t 

County 

Statistic 

Female 

Male 

Female 

hale 

Lauderdale 

Mean 

u.  3b 

M  M 

0.31 

... 

Colbert 

N 

1 

— 

1 

— 

Lawrence 

Limestone 

Mean 

0.95 

1.04 

u.02 

7.1 

N 

2 

4 

1 

3 

Madison 

Mean 

3.43 

4.84 

_ 

b.U9 

i'J 

2 

2 

— 

1 

Jackson 

Mean 

U.52 

_ 

0.33 

0.44 

Marshal  1 

U 

1 

— 

1 

2 

Morgan 

Greett 

Mean 

— 

0.48 

— 

- - 

Sumter 

N 

— 

2 

— 

.... 

Choctaw 

Clarke 

fie  an 

0.03 

0.02 

U.07 

0.17 

Wi Icox 

N 

1 

1 

1 

2 

Washington 

Mooi  le 

mean 

— 

O.Ub 

_ 

0.19 

Baldwin 

W 

— 

i 

— 

1 

N.  County  Pool  Mean 

0.81 

U.127 

0.69 

_ 

tv 

1 

3 

2 

— 

S.  County  Pool  mean 

0.08 

--  - 

0.7 

_ 

U 

2 

— 

1 

— 

0 

Controls 

Mean 

U.07 

— 

— 

— 

N 

5 

... 

... 

*tach  sample  consisted  of  5  wings. 


^Control  wing  pools  were  comprised  of  wings  from  b  juveniles,  without 
regard  to  sex.  Wings  were  obtained  from  pen-raised  mallards. 

Source:  Fleming  (1980) 
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interpret  tnis  data  as  indicating  a  potential  for  greater  effects  higher 
in  the  food  web  of  species  in  the  Wheeler  Refuge  especially  in  fish 
eating  birds.  These  authors  cite  the  decline  of  the  Double-crested 
Cormorant  at  Wheeler  Wildlife  Refuge  (see  Section  1.3.3  for  population 
trends) . 

However,  wheeler  Wildlife  Refuge  personnel  nave  indicated  that  popula¬ 
tions  of  the  Double-cresteo  cormorant  have  been  increasing  in  recent 
years  (Huntsville  Times,  1979).  The  reason  for  the  success  of  this 
species  may  be  a  combination  of  factors.  There  is  qualitative  evidence 
from  Wheeler  Refuge  personnel  that  the  increase  in  numbers  of  the 
Double-crested  Cormorant  is  related  to  a  decrease  of  exposure  to  DDT. 
There  is  also  some  evidence  that  the  resurgence  of  tne  species  is  a 
phenomenon  occurring  in  the  miacontinent  of  the  United  States.  Popula¬ 
tions  of  cormorants  have  been  low  for  years  in  this  section  of  the 
country  and  have  been  on  the  "blue  List"  published  by  American  Birds  for 
this  reason.  (This  list  publisned  annually  includes  species  of  birds 
which  appear  to  be  declining  in  number,  either  in  species  range 
proportion  or  regionally.). 

In  reviewing  the  blue  List  for  past  years,  regional  population  trends  are 
revealed  about  cormorants.  The  blue  List  for  ly 7 7  (Arbib,  Iy76)  states 
that  delisting  was  favored  by  coastal  region  respondents,  while  strong 
sentiment  remained  in  the  midcontinent  for  retention.  At  that  time  it 
was  stated  that  inland  pesticide  pollution  had  been  a  factor  in 
population  declines  while  marine  breeding  cormorants  were  not  so 
affected. 

In  1978  (Arbib,  1977)  the  species  was  retained  on  the  blue  List  but 
observer  opinions  were  markedly  geographic.  Those  along  the  eastern 
seaboard  and  west  coast  were  unanimous  in  favor  of  deletion;  the  mid¬ 
continent  was  virtually  solid  for  retention. 

The  following  year  (Arbib,  1978)  the  same  regional  differences  were 
apparent.  "Nesting  season  reports  seemed  to  suggest  an  improvement  in 
the  fortunes  of  this  species,  which  would  seem  to  contradict  the  58 
percent  of  observers  now  favoring  retention.  Strongest  for  retention 
were  Ontario,  Niagara-Champlain,  middle  western  prairies,  and  northern 
Rocky  Mountain  regions.  West  of  the  great  plains  no  region  favors 
retention." 

The  current  1980  List  (Arbib,  1979)  contains  the  Double-crested  Cormorant 
with  a  statement  saying  the  species  continued  to  snow  declines  in  some 
areas  and  modest  to  good  gains  elsewhere.  The  greatest  support  for  con¬ 
tinued  listing  came  from  the  midwestern  prairie  region,  however  the  Oreat 
Lakes  region  reported  that  the  species  was  "doing  very  well  currently. 
Numbers  are  up  and  increasing  each  year.  Most  significantly,  breeding  is 
up." 

Mr.  Dan  Bystracx  (1980)  who  is  in  charge  of  the  Breeding  Bird  Survey  at 
the  Migratory  bird  and  Habitat  Research  Laboratory  at  Laurel,  Maryland 
feels  that  part  of  the  population  declines  for  tnis  bird  is  related  to  a 
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disposal  sices.  Similar  studies  by  Chen  et  al.  (ly/B)  using  laboratory 
columns  indicated  that  levels  of  UUTk  in  T'naT  lee.cnate  were  at  concen¬ 
trations  less  than  1  ppb.  Parallel  fielo  studies  at  an  inactive  dredged 
material  disposal  site  conducted  by  the  same  investigators  snowed 
non-detectable  UUTH  levels  in  the  liquid  phase  of  dreagea  materials  and 
underlying  soils,  reyaroless  ot  their  organic  content. 

utner  investigations  of  UUTk  migration  into  the  water  column  from 
contaminated  sediments  ana  during  actual  or  simulated  aquatic  disposal 
confirm  the  strong  tendency  of  DbTR  to  remain  associated  with  the  solid 
phase  in  an  aqueous  medium.  Burks  and  tngler  ( 1578)  reported  that  no 
soluble  chlorinated  hydrocarbon  pesticides  were  found  at  the  detectior 
limits  (O.Ul  ppb)  during  simulated  aquatic  disposal  tests  performed  in 
laboratory  columns.  Krizek  et  _al_.  (197b)  reported  DDTK  concentrations  ot 
0.r>  ppb  in  supernatant  water  overlying  dredgea  slurries  with  an  average 
of  about  10U  ppo  DUTR.  A  similar  stuoy  by  Krizek  £t_  _ak  (1973)  showea 
UDTK  concentrations  of  1  to  2  ppb  in  water  overlying  dreaged  material 
with  UUTk  concentrations  ranging  from  2U  to  200  ppb.  tlutriate  tests  on 
Houston  ship  channel  sediments  containing  12  and  34  ppm  ot  o,  p'  and  p, 
p'  OUT  isomers,  respectively,  showed  elutriate  concentrations  of  the 
isomers  less  than  2  ppt  (Lee  et_  al .  197b).  Similar  results  were  reported 
for  sediments  sampled  at  various- locations  throughout  trie  Uni  tea  States, 
regardless  of  their  organic  contents. 

tlutriate  tests  on  hSB  ana  IC  channel  sediments,  performed  under  1  ask  4 
of  the  TVA  workplan  shG.veo  much  higher  uulK  concentrations  in  the 
elutriate  than  did  the  studies  cited  above,  tlutriate  total  UuTH 
concentrations  for  lb  sediment  samples  taken  from  HSB  ano  11'  ranged  from 
0.57  to  4b 5  ppb,  with  a  mean  of  79  ppb.  No  significant  correlation 
exists  between  elutriate  and  sediment  UDTK  concentrat ions  for  those 
samples.  The  high  elutriate  concentrations  are  a  result  of  both  hi qh 
concentrations  of  UUTH  in  the  seaiments  anJ  fine-grain  suspendeo  seuiment 
passing  the  glass  fiber  filter  ana  remaining  suspended  after  centrifug¬ 
ing.  UUTk  reported  in  the  elutriate  is  associated  with  these  suspended 
fines,  as  the  solubility  of  OUT  in  water  is  only  about  1.2  ppb.  Though 
the  elutriate  test  gives  no  quantitative  indication  of  the  concentration 
ot  UUTk  to  be  expected  in  the  water  column  near  or  downstream  from  the 
dredge,  they  oo  indicate  the  potential  for  significant  suspension  of 
fine-grain  seaiments  and  UUTk  into  the  water  column  during  dredyiriy  and 
the  need  for  minimizing  that  potential. 

In  a  study  conducted  by  HcCal  1  et^  ^1_.  (19/9),  tne  mobility  of  OUT  and 
various  other  chemicals  in  soil  was  correlated  with  soil  sorption 
coefficients  of  the  chemicals,  boil  sorption  coefficients  were  estimated 
using  reverse  phase  high  performance  liquid  chromatography  ( bwann  et  al . , 
1979).  Uata  from  laboratory  column  leaching  tests  were  used  to  develop 
tiie  fol  lowing  mathematical  relationship: 


KQ(l-f^3)(Js 

where  ^  _  cm.  moved  by  chemical 

cm.  ot  water  entering  soil 
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kd  =  sorption  coefficient 


ug  chemical/q  soil 
ug  chemical /g  water. 


f  =  pore  fraction  of  the  soil*  and 


d$  =  bulk  density  of  the  solids. 

The  soil  sorption  coefficient,  K^,  was  observed  to  increase  with 
increasing  percentages  of  fine-grained  material  and  organic  matter  in  the 
soil.  Sorption  coefficients  for  DOT  were  given  for  three  soils,  all  of 
which  had  significantly  lower  percentages  of  organics  and  fine-grained 
material  than  the  sediments  in  HSB  or  IC.  The  smallest  of  the  three 
given  sorption  coefficients  was  selected  to  give  a  conservative  calcu¬ 
lation  of  maximum  leaching  potential  of  DDTR  from  material  dredged  in 
HSB  and  IC  or  contained  within  HS8.  Using  the  value  of  1,070  for  ,  c 
soil  pore  fraction  of  0.35,  and  a  bulk  density  of  2.65  for  soil  solids,  K 
was  determined  to  be  7.006  x  i0"4.  This  indicates  that  in  order  for 
OUT  to  migrate  1  inch  through  the  sediments,  1,427  inches  of  water  must 
pass  through  the  sediments.  This  figure  becomes  even  more  significant 
when  the  very  slow  permeability  of  the  clayey  sediments  is  considered. 

In  addition  to  the  mathematical  expression,  results  of  column  leaching 
tests  conducted  during  the  study  indicated  non-detectable  leaching  of  l)0T 
in  all  three  soil  types  with  elution  of  20  inches  of  water  through  the 
columns,  tight  other  cnemicals  analyzeo  demonstrated  variable  but 
significant  leaching  cfv.racteri sties. 

2.3  CHARACTER I STI CS  UK  SEDIMENTS  IN  THt  STUUY  ARtA 

Sediments  in  cores  taken  from  HSB  and  IC  under  Task  IV  of  TVA's  workplan 
are  largely  fine-grained,  with  an  average  of  7b  percent  of  eacn  sample 
passing  the  63u  sieve.  Volatile  solids  content  of  the  sediment  samples 
averaged  7.5  percent.  The  average  in  situ  void  ratio  of  subtnerged 
sediments  was  1.45,  corresponding  to  38  percent  water  by  weight.  When 
dewatered  to  a  15  percent  water  content,  the  voia  ratio  of  the  sediments 
would  be  decreased  to  0.35. 


Surface  soils  in  the  proposed  borrow  and  disposal  areas  are  silty  clays 
with  clayey  subsoils,  primarily  of  the  Melvin,  Etowah,  Tupelo,  Decatur, 
Capshaw,  and  Cumberland  series  (U.S.  Department  of  Agriculture,  1958). 
Typically  75  to  95  percent  of  these  soils  will  pass  the  63u  sieve,  based 
on  soil  borings  in  the  vicinity  (Dept,  of  the  Army,  1977;  U.S.  Army  Corps 
of  Engineers,  I9b0),  surface  soils  are  typically  underlain  by  10  to 
30  feet  of  inorganic  clays  of  varying  plasticity. 

2.4  SUMMARY  ANU  DISCUSSION 


Due  to  its  hydrophobic  and  high  adsorptive  properties,  DDTR  will  be 
strongly  associated  with  solid  materials  in  an  aqueous  medium,  particu¬ 
larly  with  clays  and  organic  matter.  DUTR-contaminated  sediments  in  HSB 
and  IC  are  predominantly  clays,  with  approximately  7.5  percent  volatile 
solids.  The  nature  of  these  sediments  indicates  that  DUTK  will  remain 
strongly  adsorbed  to  them  and  will  be  transported  only  if  the  seuiments 
are  transported. 
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wooded  overuank  area  exists  on  either  sioe  of  the  channel  in  tins  reach, 
extending  as  tar  as  aUO  feet  to  the  north  and  2,UUU  feet  to  the  south. 
Tnis  area  is  inundated  only  during  maximum  pool  stage  in  Wheeler  Reser¬ 
voir  or  during  flood  conditions.  Several  deep  permanently  ponoeo  areas 
branch  off  of  the  mam  channel.  The  channel  Dot  tom  in  tnis  reach  is 
heavily  littereu  with  trees,  branches,  and  stumps.  Bottom  sediments 
consist  typically  of  course  to  fine  clayey  sands  with  coarse  uetntus 
at  the  surface  and  some  pockets  of  soft  cloys. 

Between  HbB  miles  3.9  and  2. 4  (Dodd  Road  .  the  channel  widens  consider¬ 
ably,  assuming  a  braided  form  witn  vegetated  bars.  Channel  widths  range 
from  lUu  to  J7b  feet  in  this  reach,  and  depths  are  qenerally  2  to  ‘i  feet. 
Tree  litter  is  more  widely  dispersed  and  bottom  sediments  are  fine¬ 
grained,  consisting  mostly  of  clays  and  silty  clays.  Several  large, 
wooded  overbank  areas  exist  on  either  side  of  the  channel. 

From  HSB  Mile  2.1  (dood  Road)  to  0.0  (HbB-IC  conf 1 uence ) ,  channel  widths 
vary  from  ibb  to  ADD  feet,  with  numerous  ponded  areas  brancniny  off  of 
the  main  channel.  Channel  depths  vary  from  3  to  iu  feet,  with  the  deeper 
areas  being  near  the  HbB-IC  confluence.  Uverbanx  areas  are  narrow,  with 
the  exception  of  one  large  area  on  tne  south  bank,  west  of  Doan  Road. 
Several  sma1!  streams  enter  from  tne  south,  draining  the  nortnwest 
portion  of  Test  Area  1.  Channel  sediments  in  this  reach  are  fine- 
graine  ,  insisting  mostly  of  clays. 

The  1C  channel  between  Miles  5.4  (HS6-1C  confluence)  arid  2.2  varies  from 
2(JU  to  4UU  feet  in  wiotn  and  b  to  10  feet  in  uepth.  Several  small 
streams  enter  the  channel  from  the  east.  Uverbank  areas  in  this  reach 
are  generally  narrow,  ano  bottom  sediments  consist  mostly  of  clays. 

Between  IC  Miles  2.2  and  0.0,  the  channel  is  well  defined  and  nearly 
uniform,  being  150  to  2UU  feet  in  width  ana  It)  to  2U  feet  in  depth. 

Overbank  areas  are  narrow,  and  numerous  long  ponded  areas  extend  in  a 

parallel  alignment  with  the  Tk.  Bottom  sediments  in  tnis  reach  consist 

mostly  of  clays. 

3.1.2  Areal  Distribution  of  DUTR 

Tne  distribution  of  DDTk  in  HbB  and  1C  is  determined  from  the  results  of 
Task  IV  of  the  TVA  work  plan,  bed i men t  cores  were  taken  along  transects 
shown  in  Figure  1 1 1  - 1 .  Results  of  the  core  analyses  indicate  that  DUTR 
contamination  is  almost  entirely  confined  to  the  upper  2  feet  of  seoi- 
ment.  The  areal  distribution  of  DUTR  between  HbB  Miles  1.5  and  5.6  is 
illustratea  in  Figure  ill-2.  Table  1II-1  summarizes  the  areal  oistribu- 
tion  of  DUTR  in  HbB  and  IC..  Reaches  a,  B  and  C  are  so  designated 
because  of  their  marked  differences  in  total  areal  concentration  of  DUTR. 
A  detailed  discussion  of  the  areal  distribution  of  DUTR  contamination 
appears  in  Appendix  II,  beet  ion  3.1.1. 

As  indicated  in  Table  III-l,  the  majority  of  DdTk  is  containeo  in  the 
channel  sediments  and  in  the  area  designated  "critical  overbank"  adjacent 
to  ttie  channel  between  HbB  Miles  3.B  and  5.4  (illustrated  in 
Figure  111-7).  The  designation  as  "critical"  is  warranted  Dy  the  high 
DUTR  levels  observed  in  sediment  core  samples  from  that  portion  of  tne 
overbank  (typical  range:  lUU-lb,UUb  ppm).  These  concentrations  indicate 
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Volume  of  Sediment  Typical  Range  of 

Contained  in  3-ft  tstimated  Mass  tstimated  %  UDTk  Concentration 
Area  Surface  Depth  Over  of  OOTW  in  of  Total!  DDTR  Encountered  In 

Hydrologic  Area  Designated  Area  Designated  Area  in  Oesignated  Designated  Area 

leach  Miles  Included  Designation  (sq  yd)  (cu  yd)  (tons)  Area  (ppm) 
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lbs  DDT/ACRE 


WHEELER  REFUGE 
BOUNDARY  ; 


FiUKE  1 1 1-2.  Extent  of  ODTR  Residue  Contamination  of  Surface  Sediments  in 
Huntsville  Spring  Hranch  Retween  fliles  1.5  and  5.6 

SOURCE  WATER  AND  AIR  RESEARCH.  INC..  1980. 


WHEELER  REFUGE 

"boundary  ~~ 


HUNTSVILLE  SPRING 
BRANCH 


1  EXISTING 


U.  S.  ARMY  CORPS  OF  ENGINEERS,  MOBILE  DISTRICT 
Engineering  and  Environmental  Study  of  DDT  Contamination  Huntsville  Spring  Branch 
Indian  Creek,  and  Adjacent  Lands  and  Waters,  Wheeler  Reservoir,  Alabama 


that  the  critical  overoank  contains  a  significant  traction  of  tne  total 
DDTk  in  the  HbB-IC  system,  therefore  mitigation  of  contamination  there  is 
a  primary  concern.  Contamination  of  the  non-critical  overbank  of  Reach  a 
is  typically  5-40  ppm  UUTR,  sufficient  to  warrant  consideration  of 
removing  those  sediments. 

UUTR  concentrations  in  overoank  areas  of  Reaches  B  and  C  and  all  ponded 
areas  are  generally  less  than  7  ppm.  Dredging  these  areas  would  involve 
removal  of  approximately  l,4bO,OUO  cubic  yards  of  sediments.  Tnese  areas 
are  not  in  the  active  flow  regime  of  HbB  or  IC,  therefore  LhjTk  trans  ort 
from  them  should  be  minimal.  For  tnese  reasons  tne  areas  are  not  con¬ 
sidered  for  dredging.  Unce  the  major  source  of  uDTk  in  the  system  is 
removed  by  dredging  the  channel  and  designated  overbank  areas,  contamina¬ 
tion  in  the  pondeo  areas  should  be  mitigated  by  deposition  of  relatively 
uncont ami nated  sediment. 

Three  dredging  plans  are  designated  in  Table  I1I-2  according  to  which 
reaches  of  HbB  and  1C  are  included,  i.e.,  the  level  of  contamination 
desired  to  be  removed  from  the  system. 

Llue  to  the  spacing  of  the  sediment  sampling  transects,  spacing  of  cores 
along  tne  transects,  ano  limited  Definition  of  core  locations  with 
respect  to  hydrologic  designation,  little  lateral  control  was  available 
in  designating  the  dredging  areas.  Before  a  final  dredging  program  short 
of  total  dredging  (i.e.  Dredging  Rian  111  plus  entire  overbarik  of 
Reach  m)  can  be  accurately  designed  or  implemented,  additional  sediment 
sampling  should  oe  conducted  to  better  define  the  areal  distribution  of 
OuTk  contamination  and  identify  "hot  spots". 

3.1.3  Approach,  for  Implementation 

Evaluation  of  existing  equipment  and  conditions  to  be  encountered  at  the 
site  indicate  that  hydraulic  dredging  is  the  most  feasible  means  of 
removing  DDTR-contaminated  sediment  from  flowing  reaches  of  HSB  and  IC. 
This  subject  is  discussed  in  detail  in  Section  3-?  of  this  Appendix. 
Dredging  would  be  preceded  by  snagging  and  clearing  of  trees,  stumps,  and 
other  debris  from  the  channel  and  its  immediate  banks.  Dredged  material 
would  be  pumped  hydraulically  to  an  on-site  temporary  dredged  material 
disposal  area  (TDMDA)  designed  to  provide  complete  containment  ol  the 
sediments  and  adequate  treatment  of  the  return  water  to  Hbb.  The  TDMUa 
would  consist  of  a  system  of  dikes  constructed  on  a  cleared  site  in  the 
vicinity  of  HSB. 

following  completion  of  the  dredging  operation,  the  dredged  material 
would  have  to  be  dewatered  before  a  permanent  disposal  plan  could  be 
implemented.  Permanent  disposal  in  the  TDMDA  appears  to  be  the  most 
feasible  means  of  ultimate  disposal.  This  basically  involves  sealing  the 
area  with  an  impermeable  cover  once  the  sediments  are  dewatered.  Factors 
favoring  the  environmental  acceptability  of  this  disposal  technique  are 
discussed  in  Section  2.0  of  this  Appendix.  Another  option  considered  is 
to  dispose  of  the  dewatered  material  in  an  abandoned  mine,  prepared  in 
such  a  manner  as  to  effectively  isolate  the  contaminated  sediments. 

If  it  is  oesired  to  remove  low-level  contaminated  material  in  the 
overbank  of  Reach  A,  this  would  involve  clearing  all  vegetation  from  the 
area,  grubbing  all  root  systems,  and  removing  the  sediments  to  a  depth  of 
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The  area ge  head  is  suspended  from  a  barge-mounted  crane  or  ladder.  Com¬ 
pressors,  air  distributors,  ana  the  dredye  heaa  are  individual  components 
which  do  not  require  a  specialized  barge  and  consequently  can  be  mounted 
on  nearly  any  water  craft  of  appropriate  size.  Land-based  operation 
using  a  conventional  crane  is  also  possible. 

by  using  air  instead  of  water  to  move  sediments  tnrcugh  the  discharge 
line,  pneumatic  dredges  can  attain  solids  concentrations  of  bU  to 
80  percent  by  volume.  Turbidity  levels  during  operation  are  reported  to 
be  low,  with  minimal  disturbance  of  Dottom  sediments.  Use  of  this  type 
of  dredge  is  best  suited  tor  unconso 1 idateo,  tree-caving  sediments, 
though  specialized  cutterheads  can  oe  attached  for  dredging  in  more 
difficult  material . 


3.2.2  Dredges  Evaluated  for  Kemoviny  Channel  Sediments  in  Huntsville 
Spring  brancn  ana  Indian  Creek 


following  an  extensive  review  of  current  small  dredge  technology,  eleven 
dredges  were  selected  for  furtner  evaluation.  These  dredges,  along  with 
their  major  physical  and  operational  characteristics,  are  listed  in 
Table  1 1 1-3. 


Pneumatic  Dredges- - 

Pneuma  Oredge--Pneuma  North  America's  portable  dredging  unit  is  a 
pneumatic  dredge,  t tie  basic  operation  ot  whicn  is  discussed  in  the 
introduction  to  this  section.  The  dredye  lieao  consists  of  three  in-line 
cylinders.  Uperation  of  the  intake  ana  discharge  ports  is  controlled 
electronical ly  and  can  oe  seauenced  to  discharge  in  a  range  suitable  for 
t tie  type  of  material  being  dredged,  wn  air  distributor  unit  regulates 
the  inflow  and  discharge  of  compressed  air  to  each  cylinder  during  the 
operation  cycle,  assuring  continuous,  uniform  discharge  flow. 

The  Pneuma  Dredge  is  capable  of  pumping  6U  to  8U  percent  solids,  by 
volume,  with  minimal  generation  of  turDidity.  by  raising  or  lowering  the 
pump  unit  as  necessary,  contour?  of  the  bottom  can  be  followed.  The 
dredge  can  be  mounted  on  a  self-propel leo  barge,  eliminating  the  need  for 
swing  wires  and  anchors  if  such  operating  conditions  are  desired  for  a 
particular  application.  Kecent  modifications  of  the  Pneuma  Dredge  extent 
its  applicability  to  shallow  water  operation  by  providing  vacuum  suction 
to  fill  the  cylinders  when  dredging  depths  are  insufficient  to  provide 
the  necessary  hydrostatic  pressure.  A  cutterhead  mechanism,  designed  to 
minimize  turbidity,  is  available  for  dredging  iri  materials  which  are  not 
tree-cavirig. 

Low  turbidity  levels  associated  with  the  Pneuma  Dredge's  operation  are 
attributed  to  its  lack  of  external  moving  parts.  The  dredge  lias  been 
used  successfully  in  prior  operations  requiring  low  turbidity  generation, 
including  removal  of  PCB-contaminated  sediments  from  the  Duwamish  Water¬ 
way,  Seattle  Harbor,  Washington.  EPm  monitoring  of  tnat  dredging  opera¬ 
tion  indicated  exceptionally  low  turbidity  levels  in  the  vicinity  of  the 
operating  dredge  pump. 
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Dozer  Dreage --The  operational  principle  of  the  Dozer  Pump  is  Basically 
the  same  as  the  Pneuma,  except  that  it  employs  two  pneumatic  chambers 
instead  of  three.  The  Oozer  Pump  can  De  mounted  on  a  conventional  dredge 
ladder  or  suspenoed  from  a  cable.  It  was  specifically  designed  for 
dredging  polluted  sediments  at  a  high  colids  content  with  minimal  tur¬ 
bidity  generation. 

The  Dozer  Pump  uredge  Taian  maru  is  probably  the  most  sophisticated 
equipment  presently  available  for  dredging  polluted  sediments.  It  is 
equipped  with  two  underwater  television  cameras  mounted  near  the  suction 
inlet  to  visually  monitor  turbidity.  Cnanges  in  turbidity  levels  are 
recorded  by  a  highly  sensitive  turbidimeter.  Five  electronic  sediment 
detectors  located  near  the  suction  inlet,  are  capable  of  measuring  the 
thickness  of  sediment  layers  of  varying  density,  other  accessory 
equipment  includes  a  flow  direction  ana  speed  meter,  gas  detector,  gas 
shield  and  collector,  sediment  and  water  sample  collectors,  and  an 
optional  cutterneaa  attachment.  Secondary  and  booster  pumping  can  De 
performed  by  Oozer  Pumps  if  the  solids  content  of  the  slurry  is  too  high 
for  conventional  nydraulic  pumps. 

In  four  and  one-half  years  or  operation,  between  1974  and  1978,  the  Taian 
maru  pumpec  approximately  1.3  million  cubic  yards  of  contaminated  sedi¬ 
ments  from  Japanese  waters.  In  all  dredging  projects,  turbidity  genera¬ 
tion  was  carefully  monitored  ana  maintained  at  a  minimum  level. 

The  Oozer  Pump  has  not  yet  been  transported  to  the  United  States.  A 
United  States  representative  of  the  Japanese  manufacturer  has  indicated 
that  transport  of  the  Dozer  to  the  United  States  is  possible,  should  a 
situation  arise  requiring  its  capabilities  (Jensen,  1980).  The  uozer 
Pump  unit  could  be  shipped  alone  and  fitted  to  a  barge  once  here,  though 
at  a  considerable  expense. 

Low-Turbidity  Hydraulic  Uredges-- 

Waterless  Dredge,  Model  8-180--The  Waterless  Dredge  was  specifically 
developed  for  dredging  industrial  and  municipal  unconsolidated  sluoges  at 
a  high  solids  concentration.  According  to  the  manufacturer  (Searles, 
1980),  the  dredge  has  consistently  attained  solids  percentages  in  its 
discharge  within  2  to  5  percent  of  tne  in  situ  solids  concentration  when 
dredging  these  materials.  Solids  concentrations  of  3D  to  50  percent  by 
volume  in  the  discharge  slurry  are  reported.  Turbidity  associated  with 
operation  of  the  dredge  is  reported  to  be  minimal. 

The  cutterhead  consists  of  two  4-foot  rotating  augers  mounted  parallel 
to  each  other  and  the  cutter  ladder,  ana  enclosed  within  a  shroud.  The 
cutterhead  is  designed  to  rotate  through  a  18U  degree  arc,  ana  on  each 
alternate  swing  is  rolled  over  so  that  trie  opening  faces  the  direction  of 
swing  advance.  Material  filling  the  snrouded  cutterhead  area  displaces 
water  and  theoretically  makes  onl\  tne  material  itself  available  to  the 
oreoge  pump  inlet.  Vari able-spee j  hydraulic  drives  enable  operation  to 
match  the  excavation  of  material  with  tne  pumping  rate,  minimizing  tur¬ 
bidity  generation  and  maximizinj  solids  content  of  the  discharge. 
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reasonable  progress  could  be  made  nere  with  any  of  the  dredges,  tnough 
the  pneumatic  dredges  would  most  likely  have  to  be  equipped  with  a 
cutterhead.  The  pneumatic  and  low-turbidity  dredges  would  encounter  some 
difficult  digging  in  this  reach,  and  their  production  rates  would 
probably  not  be  nearly  as  high  as  that  of  a  conventional  cutterhead 
dredge. 

Another  important  consideration  is  the  magnitude  of  turbidity  generated 
by  the  dredge  in  comparison  to  that  generated  by  the  snagging  and  clear¬ 
ing  operation.  The  reach  of  HSB  most  neavily  covered  witn  tree  debris, 
Hbb  Miles  5.6  to  3.9,  is  also  the  reach  most  heavily  contaminated  with 
DUTR.  An  estimated  20  percent  of  the  channel  bottom  in  this  area  is 
covered  with  tree  debris,  much  of  which  extends  into  the  sediments. 
Clearing  this  material  from  the  channel  is  expected  to  generate 
significant  turbidity,  downstream  from  HbB  Mile  3.9  tree  debris  coverage 
is  not  as  extensive  as  upstream,  but  is  still  sufficient  to  pose 
turbidity  problems  with  its  removal. 

Snagging  should  be  carried  on  coincident  with  dredging  in  the  channel. 
Though  this  may  result  in  higher  suspended  sediment  and  LiUTk  concentra¬ 
tions  in  the  water  column  than  if  the  two  actions  were  conducted 
separately,  the  net  downstream  transport  of  sediment  and  UDTK  during  the 
project  should  be  minimized.  Higher  suspended  sediment  concentrations 
will  enhance  flocculent  settling  of  clay-size  particles  and  overall 
sedimentation  may  be  greater  than  if  the  two  actions  were  conducted  at 
different  times.  Concurrent  snagging  and  dredging  will  also  minimize  the 
duration  of  elevated  DUTK  levels  in  tne  water  column. 

m  certain  amount  of  downstream  transport  of  suspended  sedinent  and  DUTR 
will  be  unavoidable  during  the  proposed  dredging  operation.  The  net 
transport  of  DUTR  downstream  due  to  dredging  can  be  put  in  perspective  by 
comparison  with  the  downstream  transport  that  would  occur  naturally  under 
elevated  flow  conditions.  A  dredging  operation  that  would  move  no  nore 
L)L>TR  downstream  than  would  move  due  to  existing  channel  scour  might  be 
considered  acceptable,  as  further  DUTR  transport  after  the  dredging 
operation  would  be  greatly  diminished  once  the  contaminated  sediments 
were  removed. 

Finally,  careful  consideration  should  be  given  the  characteristics  of  the 
turbidity  plume,  the  flow  velocity  expected  during  dredging,  and  possi¬ 
bilities  for  reducing  the  flow  velocity  by  various  means.  These  parame¬ 
ters  determine  how  much  of  the  sediment  suspended  by  the  dredge  will 
eventually  settle  out  downstream  to  be  dredged  later,  and  how  much  will 
be  transported  out  of  the  reach  being  dredged. 

Quantification  of  the  turbidity  considerations  discussed  above  would  be 
extremely  difficult  using  a  strictly  theoretical  approach,  due  to  the 
many  vari ables  and  site-specific  conditions  involved.  Turbidity  associ¬ 
ated  with  operation  of  the  pneumatic  or  low-turbidity  hydraulic  aredges 
can  be  assumed  small  compared  to  that  generated  by  snagging  and  clearing 
the  channel.  In  order  to  obtain  a  conservative  estimate  of  UL'TR  trans¬ 
port  downstream  during  operation  of  a  conventional  cutterhead  dredge, 
assumptions  are  made  as  to  the  expected  turbidity  level  downstream  frum 
the  dredge,  the  average  UUTR  concentration  in  the  suspended  sediment,  the 
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average  discharge  of  HSb  during  dredging,  and  tne  duration  of  the 
dreaging  project.  Based  on  these  assumptions,  the  total  amount  of  uDTR 
leaving  hSB  during  the  dredging  of  hSb  Miles  5.6  to  0.0  is  estimated. 

Data  obtained  from  two  dredging  projects  (Barnard,  1978)  indicatea  near¬ 
bottom  suspended  sediment  levels  of  336,  2U5,  and  125  mg/1  at  distances 
of  100,  200  arid  1,000  feet,  respectively,  downstream  from  a  conventional 
cutterhead  dredging  fine-grained  sediment  in  a  current  of  less  than 
5  cm/sec.  background  suspended  sediment  levels  were  1  to  3o  mg/1. 
Near-bottom  suspended  sediment  levels  are  the  highest  encountered  in  the 
water  column  downstream  from  an  operating  cutterhead  (Barnard,  1978). 
Current  velocity  in  HSB  during  base  flow  conditions  is  generally  less 
than  5  cm/ sec.;  therefore,  the  conditions  at  these  dredging  projects 
approximate  those  to  be  encountered  in  HSB.  A  dredge  would  be  operating 
at  a  mean  distance  of  15,000  feet  upstream  of  the  1C  confluence  while 
dredging  in  HSb.  Considering  tnis  distance  and  tne  near-bottom  suspended 
sediment  levels  observed  for  the  snorter  distances,  an  average  suspendeo 
sediment  elevation  of  5u  mg/'l  over  background  is  assumed  for  tne  flow 
leaving  HSB.  The  UDTR  concentration  of  the  suspended  sediment  is  assumed 
to  be  the  overall  average  DDTR  concentration  of  the  sediments  dredged, 
i.e.,  the  total  mass  of  DOTH  divided  by  the  total  mass  of  sediment 
dredged  or  231  ppm.  A  base  flow  of  5U  cfs  is  assumed  for  HSB,  arid  a 
production  rate  of  3b0  cubic  yards  per  hour  is  assumeo  for  the  dredge. 
These  assumptions  should  give  a  conservative  upper  limit  estimate  of  OUTR 
transport  out  of  HSB,  specially  when  one  considers  that  the  great 
majority  of  UDTR  is  Seated  in  the  upstream-most  two  miles  of  the  reach 
to  be  dredged  and  material  suspended  while  dredging  there  will  nave  a 
greater  distance  in  which  to  settle  out  and  be  recovered  downstream. 

Other  flow  considerations  during  the  dredging  operation  will  tend  to 
reduce  downstream  sediment  transport.  Ht  an  operating  rate  of  8UU0  gpm 
(17.8  cfs),  an  Ellicott  770  or  similar  capacity  dredge  would  be  pumping 
from  25  to  in  excess  of  1UU  percent  of  the  base  flow  in  HSb.  The  return 
water  discharge  from  tne  TDHDA  will  be  upstream  from  the  dredge,  but 
since  it  will  be  operating  on  a  24-hour  basis  and  the  dredge  will  be 
operating  on  8  to  10  hour  shifts,  an  overall  reduction  in  flow  of  10  to 
12  cfs  will  be  realized.  This  will  significantly  reduce  the  downstream 
velocity  of  HSB  during  dredging  and  decrease  downstream  sediment 
transport.  The  City  of  huntsville's  201  Facilities  Plan  recommends 
rerouting  the  discharge  from  Huntsville  Sewage  Treatment  Plant  Ho.  1  ‘ran 
hSb  directly  to  the  Tennessee  River  (Black,  Crow,  and  Eidsness,  197b). 

The  average  daily  flow  from  that  plant  in  1976  was  7.4  MOD  (11.5  cfs),  a 
significant  portion  of  the  base  flow  in  HSB.  Design  flow  of  the  plant  in 
197b  was  10  MGU  (lb.S  cfs). 

based  on  the  above  assumptions,  a  total  of  236  pounds  of  OUTk  is 
estimated  to  be  enteriny  IC  from  the  dreoginy  of  HSb.  This  amounts  to 
less  than  0.05  percent  of  the  total  amount  of  DUTK  removed  during 
dredging,  assuming  a  99  to  100  percent  removal  efficiency.  Assuming  an 
eight-hour  work  shift  and  70  percent  production  efficiency  for  the  oredqe 
(i.e.,  30  percent  down-time),  this  amounts  to  0.7  pounds  per  day  of  DUTR 
entering  IC. 
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For  comparison  with  DUTk  transport  to  De  expected  unaer  natural  condi¬ 
tions,  the  total  mass  of  UuTk  estimated  to  De  leaving  Hbb  annually  due  to 
natural  flow  in  the  channel  is  in  excess  of  1.4  tons,  or  2,bU0  pounds 
(see  Appendix  II,  Section  4.1).  The  dredging  of  Hbb  would  taxe 
approximately  one  year,  and  according  to  tnese  calculations  would 
transport  less  UuTK  out  of  HSB  than  would  De  transported  by  one  year  of 
natural  flow  conditions.  This  estimate  asrumes,  of  course,  that  dredging 
is  conducted  only  during  base  flow  conditions.  It  is  recognized  that 
storm  flows  through  the  HbB  channel  may  transport  sediments  disturbed  by 
snagging  and  dredging  to  a  greater  extern  than  these  predictions 
indicate.  The  magnitude  of  this  type  of  transport  cannot  be  predicted 
from  existing  information.  If  the  IC  channel  is  to  be  dredged,  DUTK 
transport  into  the  Tk  resulting  from  that  operation  should  oe  much  less 
than  tnat  estimated  for  Hbb,  due  to  the  lower  DUTk  concentrations  in  the 
IC  sediments  and  lower  flow  velocities  there. 

While  tnese  estimations  are  by  no  means  precise,  they  snould  give  a 
reasonable  indication  of  the  magnitude  of  DUTk  transport  expected  to 
result  from  dredging  Hbb  or  IC.  bince  this  is  an  area  of  critical  con¬ 
cern,  it  snould  De  addressed  in  a  more  comprehensive  manner  in  the  final 
engineering  phase  of  the  project,  A  reliable  (though  costly)  metnou  of 
predicting  UuTk  transport  downstream  during  dredging  would  be  to  imple¬ 
ment  a  short  pilot  dreoging  study  in  Hbb  and  monitor  UuTk  transport  at 
various  distances  uownstream  from  snagging  and  dredging  operations.  A 
less  direct  but  more  economical  approach  would  be  to  monitor  tne  turbi¬ 
dity-generating  characteristics  of  a  cutterhead  dredge  operating  at 
another  site  in  similar  sediments.  This  information  could  be  combined 
with  the  results  of  settling  column  analyses  of  the  Hbb  sediments  to 
estimate  how  much  contaminated  sediment  would  settle  out  and  how  much 
would  be  transported  a  specified  distance  downstream. 

Considering  tne  nature  of  the  Hbb  bottom  sediments,  the  estimated  trans¬ 
port  of  UUTK  caused  by  a  conventional  cutterhead,  tne  unavoidable 
turbidity  to  oe  generated  by  snagging  ana  clearing  aneau  of  the  dredge, 
and  economic  factors;  a  conventional  cutterhead  dredge  appears  to  be  tne 
best  choice  for  dredging  the  HbB  and  1'C  channels.  As  previously  noted, 
the  nature  of  the  bottom  sediments  in  the  most  nighly  contaminated  reach 
of  Hbb  ihbb  Miles  5.6  to  3.9)  preclude  the  use  of  pneumatic  or 
low-turbidity  hydraulic  dredges  and  probably  require  a  conventional 
cutterhead.  Employing  a  low- turbidi ty  dredge  downstream  from  HSb  Mile 
3.9  would  probably  result  in  a  drastic  decrease  in  production  rate  due  to 
the  generally  smaller  pumping  capacity  of  those  dreuges  ana  the  slower 
progress  expected  through  the  difficult  sediments.  This  would  result  in 
a  significant  cost  increase  for  tne  dredging  project  with  little  relative 
gain  in  overal 1  environmental  acceptability. 

3.3  TEHPUkAKY  UKEUGtU  MATERIAL  DISPOSAL  AREA  ( TDMDA) 

3.3.1  Introduction 

To  implement  a  dredging  alternative  it  will  be  necessary  to  site  a  tem¬ 
porary  dredged  material  uisposal  area  within  reasonable  pumping  distance 
from  the  areas  to  oe  dredged.  The  disposal  area  must  be  carefully  de- 
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signed  to  assure  containment  of  the  contaminated  sediments  and  to  provide 
for  adequate  treatment  of  the  overflow  water. 

The  approach  used  is  to  site  and  design  one  large  disposal  area  as 
opposed  to  two  or  more  smaller  ones.  Though  this  tends  to  increase 
dredge  pumping  costs,  advantages  would  oe  gamed  with  respect  to  facili¬ 
tating  construct  .on  and  operation  of  the  site,  localization  of  the  DQTR 
contamination,  long-term  control  of  ownership,  and  long-term  integrity 
and  monitoring.  It  was  also  considered  desirable  to  locate  the  temporary 
disposal  area  near  the  majority  of  the  present  contamination  rather  than 
at  a  distant  site  in  an  uncontaminated  region.  In  addition  to  facili¬ 
tating  pumping  to  the  site,  this  would  maintain  localization  of  the  UDTk 
contamination.  Ideally,  the  site  snould  be  located  hydraulically  and 
topographically  upgradient  from  the  present  contaminated  area. 

3.3.2  Selection  Criteria  and  Site  evaluation 


The  criteria  used  for  temporary  disposal  site  selection  are  presented  in 
Table  III-4.  Seven  candidate  disposal  sites  were  selected  on  the  basis 
of  proximity  to  HSB  ano  topographic  suitability  alone.  The  locations  of 
these  sites  are  shown  in  figure  1 1 1-3.  uf  the  seven  sites,  six  are 
within  the  RSA  boundary  and  one  is  adjacent  to  tne  eastern  kSA  boundary, 
extending  the  limits  for  disposal  site  consideration  further  from  RSm 
would  provide  few,  if  any,  additional  sites  due  to  the  surrounding 
development  and  generally  unsuitable  topography.  A  summary  and  brief 
evaluation  of  the  seven  sites  is  presented  in  Table  1 1 1 -5 . 

Sites  4  and  5  were  discarded  due  to  the  unavoidable  impact  those  loca¬ 
tions  would  have  on  the  operation  of  Test  Area  1.  Use  of  these  sites 
would  require  that  Test  Area  1  be  either  relocated  or  shut  down  while  the 
site  is  in  use.  Site  3  is  only  large  enough  to  accomodate  Dredging 
Plan  I,  and  is  reported  by  RSrt  Facilities  Engineers  to  have  mustard  gas 
landfilled  on  the  eastern  portion  of  it.  Site  2  will  also  only  accommo¬ 
date  Dredging  Plan  I  and  has  the  further  disadvantage  of  a  30  inch 
industrial  water  main  crossing  it. 

Field  observation  of  Site  6  revealed  evidence  of  recent  sinkhole  activity 
in  the  southwest  corner  of  that  area,  indicated  in  Figure  1 1 1-3.  A 
sinkhole  approximately  2U  by  30  feet  was  observed,  with  other  indications 
of  subsidence  in  the  immediate  vicinity.  This  activity  haa  been  reported 
by  NASA  officials  at  the  Marsnall  Space  Flight  Center,  who  indicated  that 
they  had  experienced  sinkhole  problems  when  constructing  additions  to 
the  1 r  buildings  directly  across  Dodd  Road  from  Site  6.  A  large  depres¬ 
sion  was  also  noted  in  the  northwest  area  of  Site  b.  Tnough  no  other 
surface  features  were  noted  that  would  indicate  instability  in  the 
remainder  of  Site  b,  use  of  that  site  as  a  disposal  area  is  highly  ques¬ 
tionable  and  should  be  subject  to  a  rigorous  geological  investigation. 

Site  1  is  acceptable  for  temporary  dredged  material  disposal  with  regard 
to  ail  criteria  established.  Sufficient  area  is  available  to  accommodate 
disposal  for  any  of  the  tnree  dredging  plans.  No  apparent  serious  con¬ 
flicts  exist  between  use  of  the  site  and  present  operations  at  RSA.  The 
site  is  both  hydrolog ical ly  and  topographically  upgradient  from  the  most 
contaminated  reach  of  HSB,  being  approximately  one  mile  upstream  from  tne 
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Table  1 1 1-4.  Criteria  for  Selection  of  Temporary  Dredged  Material  Disposal  Areas 
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Tdole  1 1 1-s .  Comparison  ot'  Candidate  Temporary  Dredged  Material  Disposal  bites 


Disposal 

Site 

Approximate 

Area 

Avai lable 
(acres) 

General  Soil  Type 
Present 

Maximum 

Relief 

(ft.) 

Approximate 

Pumping 

Distance 

From  Hbb  Mile 
2.4  Dodd  Rd. 
(mi.) 

Approximate 

Average 

tlevation 

(ft.) 

1 

30U 

Si Ity  clay  loam 
underlain  by 
plastic  clayey 
subsoi 1 

15 

3.5 

5b5 

2 

14U 

Si  1 ty  clay  loam 
underlain  by 
plastic  clayey 
subsoi 1 

15 

2.5 

565 

3 

130 

Silty  to  sandy 
loam  underlain 
by  plastic 
clayey  subsoil 

20 

1.5 

570 

4 

250 

Silty  clay  loam 
underlain  by 
plastic  clayey 
subsoi 1 

10 

U.5 

5b5 

5 

270 

Silty  clay  loam 
underlain  by 
plastic  clayey 
subsoi 1 

10 

1.0 

565 

6 

160 

Silty  to  sandy 
clay  loam 
underlain  by 
plastic  clayey 
subsoi 1 

35 

2.5 

610 

7 

20U 

Silty  to  sandy 
clay  loam 
underlain  by 
plastic  clayey 
subsoils 

30 

6.5 

570 

HI-25 
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